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rJiEFAC’K 

In the },Towth and development of the machinery 
industry, the pressure of world competition soon led to 
a recognition of the accuracy of the proverh “ time is 
money The value of the woi'k j>erformed hy the 
hand of the industrious workman, formerly so highly 
appreciated, diminished progressively in jiropirtion as 
ingenious inventors Imsicd tliemselves with the rc))lacing 
of limited human endurance hy the tireless force of 
machinery. It is true that manual lahour could not be 
entirely dispensed with, hut the modern workman be¬ 
came more and more the servant of the machinery ; 
and every industry that desired to keeji abreast of the 
times had to fall into line in this respect. The fultil- 
ment of these novel reijuiremeiits led, in turn, to the 
establishment of entirely now industries, winch have 
already acfiuired high rank. When the tile and grind¬ 
stone, which formerly constituted the grinding tools of 
the machinery industry, proved no longer siitticient for 
its triumphal progress, urgent need arose tor mechanical 
aids; and this need gave the first stimulus to the es¬ 
tablishment of the industry of abrasives and grinding 
machines which, from small beginnings, developed in 
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a few decades, under the pressure of circumstances, into 
a condition of prosperity that has rarely boon equalled 
in the time. Even now there is no standing still; and, 
indeed, that will be impossible for this new industry so 
long as the older industries continue to struggle'in the 
world market. 

It is the object of the present technical study to 
bring both the engineer and the layman to a fuller 
comprehension of this new industry, the development 
and importance of which arc still imperfectly known, 
even in trade circles. 
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INTKODUCTION 


One of the eai'lh'st acquiroiuents of prehistoric man was 
the compreliension of the term “ grinflini> That this 
should be so was perfectly natural, because as soon as 
man began to understand the use and pnaluction of 
tools, and to recognize the difference between a sharp 
tool and a blunt one, he naturally sought for means by 
which the requisite sharpness could he imparted to his 
tools or weapons. Nothing could he more self-evident 
than to work the stone, intended to serve as a weajwn 
or hatchet, with the aid of another stone. Tn this way 
he very soon learned, not merely the importance of the 
frictional motion stone upon stone, but also which kind 
of stone produced the j)roper effect in this treatment. 
He then gradually learned to appreciate quartz and 
felspar, and to use the wide-spread sandstone; and the 
applicability of emery for such purposes was recognized 
in the earliest ages. 

Within historic times wc have reliable knowledge 
of this, the old Greek historians having a good deal to 
say about the riches of the island of Nasss and its 
“ smyris” (emeryl, which quickly became known as an 
excellent material for grinding, in competition with 
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sandstone; but as it could only be used in the form of 
grains or powder its employment was merely a resti'icted 
one for a long time, sandstone grindstones being used 
both in the handcrafts and in the industries that subse¬ 
quently developed from these latter. 

It was not until the seventies of the last century, 
when a method was invented for binding the grains 
together with a suitable medium and compressing them 
into moulds under heavy pressure so as (o form grind¬ 
stones, that the spheri' of aiiphcation of I'lnery attained 
rapid extension. 

In proportion as the demand for tiu'se grindstones 
and grinding wheels increased, so also was the method 
of manufacture improved as the result of cx|iericnce 
Before long, moreover, other natural grinding agents 
became the object of investigation, and attempts were 
also made to overcome the irregularities present in the 
native raw materials by making artificial emery and 
other abrasive materials. 

In this way the industry of emery and the abrasive 
materials in general has now become fairly extensive 
and of considerable importance to the entire machinery 
industry, though it is still for many—and probably even 
the majority—a terra ineognitci, the further exploration 
of which should certainly be profitable to manufacturers 
and others, if only from the standpoint of self-interest. 
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CHAPTER I. 


Aim\SIVK MU’ElilALS. 

iN-order to faoililiitc iiohievin^ Hit; piiriiose intaitioned at the 
.close of llic Iiitroiluetion, it will he iieci'ssarv to consiiler the 
various abrasive materials more thoroiiehli, in order to jjain 
from tlieir properties the inforiiiation requisite for their aji- 
projiriale utilization in technical practice. The term “ abrasive 
materials ” is capable of wide extoiisioii . and, indeed, the 
Report of thi' Goolopical Survey of the tJnited States arraiiffcs 
under this heading the following siihstaiices : oilstones, scythe- 
stoiuis (whetstones), millstone quartz and millstones, prind- 
slones. Hint, pumiee-slone, kieselHuhr and tripoli, crystalline 
quartz and felspar, piiinite, corundum and emery, carborun¬ 
dum, steel jiowder, and artilicial coruiiduin. This list, however, 
may be considerably shortened, when it is considered that only 
a comparatively small number of the forepoinq materials are 
actually used for •'rindiiiff. 

Thus, only a relatively small jiroportioii of the total pro¬ 
duction of sandstone is used for making whetstones and 
grindstones, the chief puiqiose of this stone being for building. 
The same applies also to oilstones and scythe-stones ; whilst 
millstones are, generally used for other jiurjioses, namely, grind¬ 
ing corn. On the other hand pumice-stone must certainly he 
classed as an abrasive material, this being its solo use, in one 
form or another. Crystalline ijuartz and felspar, on the con- 
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trary, are imperfectly adapted foi- such purposes; whereas 
emery and coj-imdum ajiain must lie regarded as alirasive 
materials par excellence, as also the iiraniti's that are not used 
for decorative pm'|)Oses. 

A mor(! satisfactory classilicailioii of these maUs'ials is ob¬ 
tained hv arraiieiiu' them in accordance with their nature, 
a distinction lieiim drawn from tin* outset Iretween the tvvo 
main ttrotips: nattiral and artificial abrasive materials. 

1, Natiik.^l .\nuAsivt. M.vrniiiALS. 

Tile natural abrasive materials are more numerous than the 
aililicial ones, and mav he divideil, aceordin;; to their nature, 
into three classes — 

1. The jmrely siliceous materials, cousistinit of pure silic.a, 
free fiom anv othei compounds. This class nccessarilv in¬ 
cludes the whole ol the ipiaitz fainilt. The mcnihcrs ol this 
tainilv exhibit a decree of hardness corresponding to No. 7 of 
Moh s scale, and comprise .— 

(a) Ordinary ipiartz oaneuc, crushed and pulvei ized, used 
for polishiiie timber and stone. 

(h) Quartz sands, which arc used lor the same jiurpose and 
occur chiidl\ in the eocene and ohgocene beds ol the older 
Tertiary formation, the so-called Bassin de I’aris. 

(c) Sandstone th.at can he reduced to tine dust by the blows 
of a hammer, thus fui nishine an admirable abrasive material. 

(d) Siliceous earths, which are abundautly found in cal¬ 
careous strata. 

(c) Alillstone, originating in the decalcification zone of 
siliceoug,limestone deposits and used for gi'inding in corn 
mills. ■^In France, the fresh-water quartzites of the Paris 
basin are )ireterahly used for this purpose.) 
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(/} Trijioli, a kind of kios(!lf'iihv, nnraod after tfie town of 
Tripoli from whence it was first obtained. 

2. The mixed siliceous abrasives, consistiiij,' of silicates iu 
admixturg with v;tri(His bases. The c.hii’f itiember of this ^roup 
is ]mmice-sloiie, a jimduct resulting from the solidilication 
of volcanitj masses : anotlus' l»em^' almadm, or Ici’rous-oxide 
cranitc, freqiientlv met with m (irvstallme strata. Tbiise 
graniie-bearmc sands ate .still won, especially m Spain at 
[lovazo near (lap do (laeta. and a.lso in Brittanx. The hard¬ 
ness of tfranite Valins bciween b’? and 7'b. (ii'anitn paper is 
mainly used in the sboemaknn; industry. 

H. The alnnnnons abrasives, the active constiiuniit of which 
IS pure alnnnna. Tile chief representatives of llie ),n’onp IS 
emery. 

( I) 

Kmerv, winch x\as known to the ancients as an abrasive, 
and was teinied “smyris" by the (Ireeks (Irom whence its 
Oerman name, ■'Sc.hmireel,” is derived), is an iron-"rey, to 
brown, and ncnerall\ striated lock, mainix consisiniit of an 
a,t;,L,'n’nation of cornndiiin tonether with iron oxides 

fmaniietilc and hematite). 

l)r. Weinsclicnk, in his work on the “ J’rmciples of 
Geolony," rightly characterizes emer\ as one of the most 
Jilizzlinn of rocks, which may be described as mistratilied to 
shaly, mostly very line-drained, dark brow nisb-drey to nearly 
black, of ereat hardness and toudhness. It is frequently inter¬ 
sected by bluish veins of a di'itmilar coriindnni, which, in a 
fine-drained condition, constitutes alwut 50 per cent of the 
total mass. The other chief constituents discermhle under the 
microscoiie are mai'darite and magnetite, as well as clilontoid; 
spinel and all kinds of aluminous minerals heiiid also found, 
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ill lulditioii to rutile aiul, chiirdcteiistieiilly, tounualine. lu 
Naxos, t-niery oeenis as inH'^ailai masses aiul lodes ui ^uanular 
limestone, whilst iu Massachusetts it is associated with mica¬ 
ceous sidiist. It has also, thouj^h iucorrectly, heen rLf^ardecl as 
me.tamoi’})hic hauxih'. It occurs, moreover, in Asia Minor, 
where it is known as “ Anatolian emery ” : wlnlsl th(' emery 
1‘onnd at Wildenreiith in lIk' Upper Pfalz district, occurs in^ 
eclogites, whicli are rocks of hij^hly vaiiahle character, derived 
tVom j^ranitic ami>hihohtes, and, wlierc rich in *;iunite, assume 
ih(; chaiacter of true <(ranite dills, wliieh an* known as 
'' Siuirgel ” 111 ihi* district in question. The so-called Jndian 
('inerv consists of ^uunite j^ranules oi granulations from the 
piecious-sloiK* alluviaKol Cedon. 

The best eiiieri is that ohlamed from Naxo.s, whi'ie the 
extensive dejiosits, wliich wen* known also to the ancients, 
are lenticular and raii^e from Jt) to IGO tt. in thickiu'ss in the 
saccharoidal limestone The* sjn'cihi^ j^raviU of samph's taken 
in various placiss rani^es fiom 3’Gl to lOT. Jn addition to 
its normal cousiitiienis, emery frequently contains varying 
quantities of tourmaline, dislhene, staurotides, rutile, etc. 
The rock is simply quarried, being detached in large blocks 
for shijiment, these blocks being crushed by the emery manu¬ 
facturers in stonehreakers which are often of groat size. 
Thus the giant stonehreaker of the Naxos Union Works 
measures 12 inches by 2H inches across the mouth, the 
weight being 13 tons, whilst the two c.hilled-stcel jaws weigh 
no loss than 2() cwt. This machine can easily break blocks 
weighing 2 to 2.V (iwt. into lumps as large as the list (2 to 4 
lb ), and can crush 30 tons of ca'iide emery in about ten hours. 
The lumps from this large breaker pass to smaller breakers, 
in which they are I’cduced to the various commercial sizes of 
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fTrain, thirty-three in numlier. The coarse si'a'RS are separa¬ 
ted from the finer grades by a woll-arrangod system of screens, 
the dust loft by tbe crushing and screening processes being 
afterwards levigated and converted into tbe various grades of 
emery powder used for polishing metals, glass, marble, granite, 
etc. Fig. 1 illustrates a breaker of this kind, as used by 



Fw. 1.—Emery Breaker. 

the Vereinigte Scbmirge.l & Mascbiucufabriken, Hainholz, 
Hauover. 

It is evident that tbe grinding action of these comi)Osite 
rocks is entirely dite to thesir content of corundum, which is 
of the ninth degree of hardness, and is a))proached in this re¬ 
spect by tourmaline alone (hardness 7'5) ; consequently the 
useful effect of an emery disc may he directly regarded as a 
function of the corundum it cotitains. 
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The two subjoined analyses of Naxos emci'y, Ijolh specimens 
lieiiig very I'ich in eorunduni, are by Tsehennak 
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h()\V(^vor, s('('in vov\ hij^b, tlu‘ avcrjii^t' content in oomincvcial 


onH‘vy vai'viii^ lietwcen 30 and ‘t(t ]Hn‘ cent, tb(* price in 1 aris 
ranging l)etAve(‘ii 250 and 350 francs (€10 to £14) per ton, 
according to quality, that is to say percentage of connuluin. 

With regard to the working of the Naxos emery dtqiosits, 
the (jrecian Govt-rnment, to whom the de])Osits belong, j)ut 
them nj) for dis^iosal to th(‘ high<ist bidder on fi April, 1H71. 
As the result of this auction a German, •lulius Ptungst, the 
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founder of the Naxos Union, acquired the sole rieJit of selling 
the gemiiue Naxos oinsry for a long term of yeare over the 
whole world. This im)iortanl monoiioly was also jjreviously 
in the hands of a German tirm (at Gohhmz), which, however, 
tailed to recognize the value and imjan-lance of the article, 
and consequently made only a small inolit. 

It is true that the world mnno])oi\ was not left for long in 
the hands of the Naxos Union—which was fully aware ot its 
value, and laid th(“ foundation of an initially nourishing new 
industry in the vicinilv of FraiiKliirl and GlVenhach , loi, when 
the (frecian Goveriinieiit recognized the henolits that German 
industry and foresight were cajiiihle of realiznig out of the 
monoiioly, it declined to renew ihi' contract on its exiiiry dur¬ 
ing the " eighties 

According to the. Naxos Union, Naxos onierv gave the 
following conqiosition on analysis.— 

I’d Milt 


Alumina ... . . eT-lit) 

I’Vtiic nxnlf ...... ;>II-S7 

Sllirii.. I'eltli 

lilmc. O-S'.l 

Magnesia ....... 0'21l 

Manganese iixnlr ..... trarrs 

ticss oil ralrmiitimi. 2*11'.' 


jiio-nn 

At present this highly vahiahle natural treasure is again 
worked hy native lahour in the most primitive fashion at Naxos, 
the annual output heing 5000 to 6000 tons. 

The jirico of the crude emery is 106-50 francs (85s.) per 
ton, free quay Syra (on a neighhnnring island), whilst the cost 
ot production at the mines is only 52-20 tranes (42s. Od). 
The appreciahle net prolit resulting Irom the difference 
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enabled the Grecian Government to write off about 300,000 
francs 12,000) from the puldic debt, from the output in 1903 
alone (about TiHOO tons). 

Almost siumltatieoLisly with tlic rescission of the German 
monopoly by tin; (ireeian Government, offers of emery were 
made from Asia Minor, whei'ii thme are. quarries of this material 
in the vicinity of Smyrna. The production at this centre is 
about 17,000 to 20,000 tons, Imt the, quality is considend .far 
inferior to Naxos emery, and the sale pi ice in Smyrna is only 
70 to 100 francs (oGs. to 80s.). Fij^s. 2 and 3 illustrate one 
of these emrry quarries in Asia Minor, and the method of 
conveying the emery to the Anatolian railwiiy. 

Emery is also jiroduci^d in the liiiited States, eHjiecuilly at 
the i*ei‘ks ilill quarne.s m New Voik Staff'., and at thediester 
mines, Massaclmssi'ts. The output which had incn'ased to 
about dOOO ions pei annum at lliecominmicement ol tlu' present 
cent 111'V, has sinci' deeimed. as sIionnu m the following talilc .— 

I'l.nnt I TION i»l' \|||-M \Mi I'iMl.ja |\ i'KJ P \ I I'l.ii S'l'\ 11| I:<IM IHH1 

TO mui;. 


V,.u 

i^ii.nitily 

Value 

Wai 



s||i>i'C. tons). 
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(sin)ll tons). 
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issl ‘ 

:)iH» 

Kd-ddd 

l.s‘)4 
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1)5-1)80 

1KS2 ; 

odO 

Kd-dOd 

IH'.lo 

2102 

100-250 

iss;{ 

•'loU 

idd-ddd 

iHdd 

2120 
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INSI 

Olio 

Ids-Odd 

|S1)7 

2 i 05 

100-574 

IHH.') ; 

liOd 

IdK-dUO 

ISDH 

4004 

275-00.1 , 

iHHi; 

045 

ud-idd 

IS!)'.) 

4000 

150-000 1 

1sm7 

dOO 

lOH-dOd 

11)00 

4805 

102-715 

IHHS 

r)Kd 

in-{)2d 

11)01 

4805 

14()-04n 1 

1SS<) 

2245 

idr)-5{)7 

11)02 

4251 

104-005 ' 

IHDO 

r.170 

HO-8115 

11)08 

2542 

04-102 ' 

isoi : 

•mi 

1)0-280 

11)04 

11)10 

50-1)85 1 

ih:i2 , 

1774 

is 1-800 

1005 

2120 

01-404 ; 

1H118 1 

171H 

142-825 

11)00 

1100 

44-810 
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This reduction in the output of Aiiiericiin (.‘iiiei’y, which is 
particularly rich in pure corundum, is mainly due to the de¬ 
pressed condition of the market, the imports into the Uuitod 



Em. 'J—Kim-vv t,}uiLrr,v in A^iii AIiiioi'. 

States of Turkish and Naxos emery haviiift risen, iu conse¬ 
quence of th(i low price, to about 12,000 tons as per the 
followiuf' table :— 
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I.Nr»*(»KTH (It' EmKUY AVJi CoRUSlil'M IVTO TI?»; UviTKIi StATI S, nioM I'.JOl 
T(. 11)06. 



Cnishcl. 

llouijli 

OtluT Kiiua y 

Total 

^'cai 


Villa.' 

W.'iulit 

Yalini, 

I'l (Millet'. 

Valih-. 

•KiIiiil:. 

11. 

-S 

(loiiii ton-.). 

S 

s 

s 

IDOl 

l,l)si;,721) 

i:t,2l7 

12,441 

240,s.)6 

10,020 

21*4,91)0 

IIK)*.' 


■(l).l()7 

7,1.>7 

1.71,1).V.) 

1;{.77)1 

214,S12 

ll)(i:*> 


1()1),272 

10,HK} 

11 ) 1 , tils' 

17,S20 

:i21,500 

11)01 

2,2Mi,ii);i 

100,772 

7,054 

E-js.imr- 

11.721 

200.(24 

ID)).') 

;{,2))i).i)iri 

11.{.721) 

U,07;-( 

1 H.5,I1S0 

IS,1)07 

ai7,425 

IDOli 


2M,{.77 

Ei.sll 

2Si;.:{so 

lO.IJHO 

521.0S2 


Conindiiiit. 

Ill addition to Naxos finery, which, howt'Vfi, can only Ik. 
n'gavdcd, iniiieralogically, as an impure form of coiundum, tlu 
lumicrons varieties of ]>uro corundum are important in ihe 
manufacture of artificial gniidmg wheels, m which corundum 
forms a liighly valued ailjuncl for inci easing the grinding |)ower. 

The density of ])ur(’, corundum is about 4 ; and its value 
as an abrading material dejK'iuls mainly on whether the sharp, 
angular edge of the grains has been jncserved. This is, how¬ 
ever, particularly the case when (lie grains iireseiit (isston 
surfaces, the worn a])ices being then leplacod !)y a series of 
cutting edges, (lonuiduin. however, does not present fission 
surfaces, but surfaces of sejiaratiou, which act (juitt' auto¬ 
matically. 

Neviirtheless, this property does not apiiear w'ith equal 
eflicacy in all corundum deposits, these surfaces being occa¬ 
sionally so numerous that, as for instance with the white cor¬ 
undum fi'om (ieorgia, the mass falls completely to powder 
when crush(‘d. 

DilVerent vai’ieties also behave very divergently under the 

I liiclinlilii' (‘mi'iN-sliiiic, K.'ilS'' 

- liM-lnil’iii'<-iuciy-s1i»iic. v;ihn'. 




With to the oocurrence of coiuikIumi, llu; d'-posits 

ai'i‘ found in foni dittevont loriiiiilions ■— 

1. In tho eruptive rocks, in whieli two chitil forms occur, 
namely:— 
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[a) Ill the form of syenites with corundum. This rock is 
met with in tlie Ural district, as largo lodes or beds in gneiss, 
granite, or syenite. The corundum is in the form of large blue 
crystals, up to 4 inches in length and nearly J an inch across, 
embedded in orthofelspar, the formation being a corundum 
pegmatite, containing up to 3n or 40 per cent of corundum. 

Other rocks are also known, with granolithic structure and 
composed of coriiuduin and ortliomicrogeolithic members, often 
accompanied with larger or smaller amounts of black mica. 
Those form the so-called corundum syenites, with about IK-oO 
per cent of corundum. 

(/)) The corundum anorthosites. A craggy rock, locally 
known as *'kyscbtumle,’' occurs in tlio Ural district, and 
consists of a granular mixture of small inetainorphic corundum 
crystals, about 1 inch long, and a greyi-.h matrix representing 
an ortho rock witli plates of hioLiLie mica. The corundum 
content is dl'd per cent. 

Ill (Jalitornia, too, there is found a rock, composed of cor- 
iindiiin and oligoclase lclK|iai. This is " jiliiniasite," and 
contains 1(1 per cent of coruiidiiin in the form of crystals not 
exceeding 2 inches in length. 

2. Ill strata resulting from the inetaniorplio.sis of the basic 
eruptive rocks. This occurrence is of particular interest from 
the standpoint of petrography. 

3. In the crystalline sliales. Corundum occurs very often 
in this formation; in gneiss, in micaceous schists, in white 
cijioline marble (streaked with grey); and also associated 
with disthene micaceous schists in various proiiortions. Blocks 
weighing up to about 14 ewt. are found in Connecticut. In 
Burma and Ceylon it forms the extremely rare ruby and 
sapphire. 
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4. lu alluvial sedimeuts. This ocuuri-oiuiu is doriv<>(l from 
the previous one. Here the covnndnin is encountered in a 
concentrated form, owino to its hi^h specifi(! •'ravity, in folds 
and ppokets, and in an almost intact condition on account of 
its gi-eat hardness and power of resistinf; chemical af'cncics. 

So far as the corundum industry is concerned, (lanada is 
the chief centre of interest, as possessing corundum deposits 
‘of the greatest economic value; and Canada is therefore the 
country whose methods of tieatiuf; the won material should 
he studied, the industry hemi^ com])aratively .\oune, and the 
works e(juipi>ed with the newest and most perfect machinery 
and apjiliances for treating the product. 

The best-known corundum deposits are in the eastern 
portion of the province of Ontario, on the noilhorn shoie of 
Cake Ontario. These de|iosils a|)|)ear in three dilferciit layers, 
of which the most norlheiiy is the cliitil, covet nij^an area about 
70 miles lon>^ bv '2 miles in width, in the districts of Ilalihurloii 
and Jlasliiif'S. The coruiidimi rocks are syenites or nejilieliiie 
syenites. The transition from one formation to the other 
occurs either iniperce})tibly, oi else tliroiiith an intermediate 
stage of liarreii nophcline syenites, the apjiearaiice of which is 
of interest in connexion with estimating the workability of the 
deposits, since, in general, the quantity ol corundum jiresent 
in the rock is jiroportioiial with the amount of the nepheline 
rook. 

The deposits in Hastings country are worked by the Canada 
Corundum Co., Ijimited. The rock rvhich is heiiig worked 
there is .a syenite, with 15 per cent, of cornnduin, accomjianied 
by a tnicroclinio limestone, sodium-felspar, and inagnetite. Jt 
frequently hapjiens that the rock assumes the ap]iearaiice of a 
pegmatite with extremely lar;_e jiortions of felspar, iii which 
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the coriiiKluiii crystals occur as f'lobular aggregations of ^ to J- 
cubic incfi. 

The sevci-al lodes follow each other at intervals of a few 
thousand yards, the thickness being about 330 feet.. The 
de]Kisi(, at Yoik branch, which has now been proved over a 
length of nearly 1700 yards, is tidO to 330 feet thick. The portion 
that is heing worked at present is a lode running east and west, 
and situated on the side ol' a hill about 1(1.50 yards long and’ 
390 feel high. The work is carried on by (i|)en-cast quarry¬ 
ing, in terraces measuring (l.’i I'eia from front to hack horizon¬ 
tally, and (10 feet in vertical height. The ruck is blasted 
with d\naiiiite, and run down to the works on small tiaicks. 

'rtieic It IS Ihrowii into a hopper holding 150 tons, and falls 
down into a hreakei, the jaws of which measure 24 x 131, 
inches, from which it jiassos to thiee othiT hieakers with jaws 
9 X 131 niches. The fragments, winch are now about] cubic 
inch ill diiiiensioiis, are ne.xl jiassed between six jiairs of rollers, 
then through two sets of drum-sieves of ]-iiich mesh, under 
which are 1(1 WiUley concentrators for treating the finest 
portions, and also 3 jig-screens tlirougli which the coarser 
griuiis are jiasse.d. 

Next follows drying by steam and jiassiiig through the 
magnetic sejiaviitors, after which tho grains are classified into 
20 grades by means of sieves ranging in mesh from 8 to 200. 
The final product should now contain not more than 2 per cent 
of impurities; and if this proportion be exceeded, tho material is 
passed again over the concentrator and pneumatic Hooper jigs. 

The daily output is up to 20 tons. The finished corundum 
is packed in 1-ewt, bags and is dispatched, in the first place 
by ship, and then on the Canadian Atlantic Railway, to Mont¬ 
real or the United States. 
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The production of coniudum in Canada of late years is 
shown in the followin',' table:— 

"F C'HirM'FM i\ Cvnmh, riiini HKU t" I'.K)!). 


W:ir 

j ('illnll lolls) 

VMii.- 

IIMII 1 

! r.M 

17-710 

I'.IO-J 1 

so.', 

ss-ok; 


on; 

02-010 

r.ioj 1 

010 

]()l-ii.',o 

! 

toil 

J40-i.',:{ 

1!km; 

•227 1 

•2010?;; 


Tor technical itiii poses, coriinduin is cliiefl\ used as an 
abrasive mateiial in the I'orin of evjyns. paper, or eriniiinr; 
discs, Conindnin ei nidnif,' discs are recpiired to possess hieh 
resistance and cntliiie power, the latter heiiiR specially ini- 
portanl, Itecatise on U depends the anioiint of work that can 
be turned out hv ilie operator iisiiie the disc 

Usually, however, the eormiihiiii is iiiived with a hindine 
medium, which e-ualiles the. eiiniliiie discs to he moulded. 
After heinf’ sulliciently pre.ssod, the discs are exposed to tlie 
heat of a furnace, accordine to tlie temiteraluie of which the 
grinding discs may be divided into two classes : 

1. JJiscs ol the older type of miuiufactui'u, in wliicli the tem¬ 
perature did not exceed 400 0. For these, the hindingmedium 
consisted of rubber, gum lac, magnesia, eemoiit, or a silicate. 

2. Discs made according to the new system, in which a 
temperature above 400’ C, is useil. 

These latter are the so-called ceramic or vitriiied discs. The 
binding medium is kaolin, which is incorporated with the grains 
of corundum pressed into moulds and dried in an oven, after 
which the discs are bred at high temperatures in special kilns. 
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The superior quality of this second ty|ie of disc is due to the 
grains of coruudimi being partially isolaUal in the clay matrix, 
so that they act like stnall milliiig cutters, whilst tht; niediuiii 
is converted into dust on coming in contact with the work. 

Natural corundum is also used iu the jewellery industry, 
in th(t form of riihies, sap)ihires, etc 

Atttmipls have lieeii made to product; aliiininium from 
corundum in the electric furnace; hut the material is too 
ex|)ensive for that juirposi;, although tlie suhstanct; now em¬ 
ployed, namely hauxite, has to hi; put through a preqiaratory 
and iiurifymg treatment. On the other hand, endeavours 
havi; long heen in jirogress iu order to inoduce a Iheproof 
or ceramic m.aterial from coruuduni. 

The out|)Ut of eornnduiu m the United Stales has heen 
included in tin; figures foi- emery on an eailior jiage. .'\ccord- 
ing to the “ Bugineeimg and Mining .louinal," the actual pro¬ 
duction of corundum in 1H!)7 was ‘d'.hi tons, and m the following 
year 78(1 tons. 

2. The Autifiuial Ahuasives. 

Apart from the foregoing natural abrasives, there is a whole 
series of artificial products of similar character, among which 
a highly important position is lillod by earhorunduin. The 
production of these artificial abrasives is increasing from year 
to year, as this following table will show:— 

I'uojuicrioN OF Autifjcui- Ai.iusiyes in the Uniitcp Statks, 1901-1!I05. 


1902 

11 ) 

Ciirbomuduin ;i,741,-')00 
Stoel . . •' 7;i5,000 

Aluiidum . j —• 


im. 1 1!*04. 

11 . 11 ). 


4.7r)‘i.H'.)o 7,oriO,:iKO 

7.75,000 700,000 

— , 4,020.000 


i9o:.. , ii»o»> 

111 ll). 


5,50(),000 (),‘225,:K)0 
1512,000 837,000 

3,(512,000 4,712,000 
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(.n ('nrin>nuf(hnfi. 

(larhonuidinn is a chemical comjJomKl ot cailum uikI 
alumina (th(' cixsUilliiu' loi'in ol whicli lallm' is ('orutuUim), 
and recc.ml its name—a condmisaiioii of tlu‘ two componeiili; 
-^fiom Achcison. ihoujili scK'nlilicalU il should he termed 
silicon carbide, the, lornuila hciiie SiC. 

Althouj'h Acluson must, he. considei’iMl the ai^tual dis- 
coyerer of this compound, its loinialion liad b(‘en ohscrvcMl 
lonjT previously; m the liist jilace l)y A. Colson, wlio leid a 
pa}HU- ou the formation of a new com])ound ol silicton and 
carbon, liefore tlie Academi(> des Sciences on Mas Kh iSS'i 
(“ Comptes Ucndus,” 1HS2. Vol. CdV, p. l-iKji. This caihide 
had ihc foimul.L SiCC. 

Schutzenberecr, who pursued (‘olscm’s lesearcli further, 
prepared a silicon caihide of llu' loinuilaSiC m iHbi^ (“Coin- 
ptes Kendus,” USD'J, Vol. ('XIV, p. IbSb). The coin[)ound was 
produced in a small crucihle (20-d'.) cc.) ol retort charcoal, 
closed l)y a lid of the same material, and cha,r^fed with a 
mixture of powdered ciystallme silicon and powdered silica in 
etjual parts. The carbon, huweviT, was not supplied h\ the 
material of the crucilile, because the carbon crucil>le was 
])laced in an outer criicibhi of liroclay and this in turn in a 
larger crucible, the intervening s])aces being packiul with 
lampblack. Consequently, the inmu-most crucible was not 
attacked, the silicon caidndc being fonned by the reducing 
action of silicon on carbon monoxide at a very high leinjiera- 
ture. 

Schutzonberger, was, therefore, the lirst to pr(3pare silicon 
carliide, HiC, in the amorjdious form, the crystalline form 

being aftervvai*ds obtained liy Acheson in an electric furnace. 

.) 
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Moissan also (l<‘Kcrili(nl the })i-eparatiou and properties of 
ei ysiiillinc silieoii carhule, in a})ap('i read beforii the aforesaid 
Soeielv on Sepuaiilier 2'), The lestiUs of liis ri'si'arches 

m this diusetion weie afti'i wards reeoided in his work on the 
(‘leetric fuinaw', in wliicii lie states — 

“Ihinii*^ ni\ experiments on the jirepaiation of crysialline 
cailton. I had oeeasion to observe (in IS‘)J) small ci vstals of 
siliemi eaihide ui tie' agglomerations ol silicon tused in a 
c.u'bon shell in the bi.l,■^l tui naee. \i that time, how'eve,r, f did 
nut }>uhiisii anuliiiij^ on lhis]K>int so ihal ihe jntoiiu of tlu; 
discoveix ol cnstalhne siheon citihide leinains with -\ch'-son. 

“ The invesiioaJion oi (Ik; action ol liie elecii te aic on silicon 
led iis then To pK'jiart* -■ihcon eiuhide in Itiuulsuiiu* cr\sr.als 
h\ loin' dlllelX'iit methods, nuiliel) — 

" J. J>y the ilii'ect eumhmalion of silicon and citi'hon , 

“2. 1>\ pre]»araliun in the eieci ric lui naee (cr\stallization in 
inolleii iron); 

“ d. I>v the reduction of silica h\ carhoii, and 
“4. J>\ lh(‘action ol silicon xitpoiir on carhon Vi»|)our.’' 
With rej^ard to the jiroperties ot tins'^lllcon eaihulc, Moissan 
expiesses himself as follows - • 

“ Jhirh llu‘ ci vstallnn' and amorphous lorms ot silicon car- 
hide are of bi^h siahilit). ami withstand the most euer^'etic 
rea^amts. Silicon carliuh- imtiielN tree from iron is colour¬ 
less, and its \vell-i|ev<']op<‘d crystals ()ccasioiial]\ (fxhiliit the 
form of the he.xii^amal system. 'I’hey liave a powerful in- 
tluenci' on polarized lij^ht, and produce a hoautifid play of 
colours.” 

Achiison went beyond the w'ork of liis ))redeceKsors in this 
field, by not only producing this carlwundtim and artificial 
frraphite, hnt also prejiaring a sei-ies of compounds of silicon, 
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carbon, and which h(^ ^^ronpcil uiulcr tin* nanu* ‘ silori- 

con ’—a new ami e\c(‘c(lin^'l\ lireproof material. 

So ninclj for tlu* histoiica! suh^l .\ch(‘->»)n (1 wc<>vi‘hm 1 his 
carhoriinduin in Mai'ch, in (‘iniravoin in;^ tn pri'piire, 

from (axslalline eaihon, a new iiliiii-^iNr ni-it*‘ri:il that slnmld 
!)(■ still liaidei lliaii eorniiduin—which. a,l, ifial time, was the 
ha,i’dest aiirasive kiinwn I'xccpi tlic diamond. 

In order to o-ixhm tliiwMihon moic 1 n-ihlr In- lhi»iii;ht \l 
(ssimlial to add a h<)d\ ol lowm liKiie.,^ jionit, and toi ihis 
])nip(»s(‘ nii\od cla\ with the c.nhon niiNlno' wa-. 

liealial in thr eircli ic aic . .uid on coolint; ilow n 1 he I uriiace, 
a. nuinhei ol sinaJl. hi-'lonis hhi<‘ ci\-'laUol \<-!\ c.ieal bald¬ 
ness, weie loimd on tlx* c.ii hon I’od a'^ oii'' pole and 

iinitjeised in the nn\e<] <diaii;e. 

.\eheson at oiex' ]M're(“ivd Miat lli'‘sr civ-^lals w«-ie not ilia- 
jnond. hill must h(‘ a clmmieal <'ompound (d eaihoii and 
anolhei idemetil , and he also tmiiid llu- new (■•ntipoimd lo he 
till (“NC'dhml . 1 , 1)1 asive. 

lie then tried to piepa.ie il, on a. l.Ui^ri' seal*- in a l)ii‘hnek 
lurnace, nu‘tsurin.^ ahoiit 111 m dn*-^ l)\ 1 incln-^. wilh a ear- 
l)on rod a! <‘aeh en<l This Inrnai-e wa^ idled with a inistiire 
ol (M.rhoii and cla,\, the c.i,rhous heiim o liist .^Ix'i t-ciieiiiled, 
and then di’awn slowl\ apail, so tlia.l an aic was loimtal. In 
these trials, Acdieson lonnd Ihe sdic.i of the clao t'l he mipor- 
tani lor tlu' entire process, and he lepealrd his expia nnent in 
a nmv furnace charj^^'d with a mixture ot pine while sand 
and carbon. In this way lie ascerta,mrd that the new 
suhstanco must lie a compouml ol sihcfin ami ca.rlion, more 
especialiv since anal\sis revealed the following eonpiosi- 
tton :— 
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Silicon 

I’cl CClll 

Cailiim .mil os,\;^cn 

:s2*2r. 

liff'ssi on cnlciniition 

l-aci 

Alinimmim .... 

0-2f) 

(tili’iimi, iiluininuiin, non . 

Id IlCC’' 


aa-Ho 


Sul)SLMjii(‘iiUy an anahsis was made in the lalioratov) of the 
newly fornKul ('aihoiunduni Company, on a saiiijile of (jar* 
homudum that had lioeu piuitied In treatment with Indro* 
chloric acid and (jaiistic soda, followed h\ heating in a current 
of o';vg(m and dig(;stion with hydrolhioric acid, the following 
rci-sult hi'ing obtained — 



I’ct . . Ill 

Silicon 

(in-10 

(l.iil)on 

H(I-2U 

Alniimiii uinl ten a- tisulc 

O-lll 

Ijimc . 

O-l.-) 




This analysis, as also another furnishing the proportion!^: 
silicon, 09-59, carbon, d()- ll per cent, agnjed with the values 
calculated for the formula SiC, viz.:— 

I'er cf'lil 

Silicon.7n-:u» 

Chi'Iioh. 2 ‘.e 70 

1. Arlirsiin’x Oarhortnuhiiii Fiiniace. 
lu ttiu spcialiciUioii of Ills first patent for the preparation of 
a crystalline eompoimd of oarlion and silicon, Aoheson de- 
scrilied his furnace—the simiilc construction of which can lie 
gathered from Fig. 4—as follows:— 

The walls, C, of the I'urnaee consist of iirchricks, and house 
the carbon electrodes, BE, which are introduced from opposite 
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jiiid ;iro coiiiiu(;u*d, ('xtcrruilly to llu* lumjicc. with (*K‘c- 
ti’iu wlixs U'.Klin^ in turn lo a dynamo oi- othei' souna* of 
oleotrinity. 

Th(' funmno i- chai'j^aal wuh inali'iial, M. whudi surioinuls 
the (donLi'od(‘s aiul tlio com. ff a f^rajrlmic, com be nse<l, it 
should l)(! ari'an^od as shovMi at 11. bt'lween llie o.\tr<‘ndti(s 
of the oh'(^trod<’s jU>. 

On passing tlinunih this a]i|)aratus an rlrcnu^ cnrmnt, weak 
.at fiisl hut aiti'Kwavds mo'easiin^ in stjeniilh. tin* mass is 


A] 



I--1 

Fill. 4. —Acht*''OU s Cnitiouuiituni l iuniu'c ((tioss Section i. 
raised to a high temperature, the Ihix niells, and cr\stalliiie 
carhoii products are formed in eonseijuence of the iiiliinate 
combination of the coustitueuts. ])iirmg tins pi'ocess chemical 
combinations and decompositions occur, icsultingin tfii; lilit.u'a- 
tion of gases, vapours, and volatile salts, which arc allowed to 
escape from the furnace. There lemaiii, as residue, the 
following products:— 

(ft) Graphite, 

(/)) Amorphous carbon, and 
(e) Carltoninduin, 
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ill !i<i(liT,i<)n \o ;hi in(!om|)l<*ioly tninsloiinod jiortion oi' the 
(•.lullur. cxhilulm^' all stiij^^rs oi llic tiill!•'.lornlalion, and adiipled 

to lie used (>\ri aLi:iiii iii I'tTlia 1 ;;iI i;l; the fiiniac.c. 

'Tlir jK'ciiliai )ii(>[)'‘i I i'‘s oi 1 Ikm'I \ slalliiio ni.ili.'i i.d dcju'iid 
)i.u 11 } ‘'11 1 lie -.11 (‘11^1 li at id ilural ion ot i.lio cm i ml, and pai ih 
on lia- c^anpo-itittii and cliaaacU-i nt l!n' cliai^f. 

riic inmnlo! l•n!|lIo\ I'd. ni llir inam, llir foilownii; piopoi- 
rums l)\ wm^lii 


I’m «■ (.iili.'n 
SiIk ;i (>i .ihiiiitinuiii 

<tnlUI)l>i|| ^,||| 

When ojiciatioiw aic coin|ilcit‘d, ihc })io liicls arc lakcii out 
ol the lui’iMcc, liic cai hon nuUcrml !>. Iri'cil Iroiii graphite aaid 
01 In‘I inipni ilicN and is hi okiai inlo small [aerrs. in older to he 
hoilcd, ^\asllcd. and linali\ diicd Ia Imal, altci wtncli it is 
r(Md\ I'or (dassil\iii<^ into eivstaU oi dilicrinil derives of 
liiionc'.s. 

Till'cr\slallnic suhstanec is hie;h]\ hisiionsand is nsually 
dark in eoloni.lhn slnnlc dcpeiidni;:; main!) on the class ol 
malcniil used 'rtie ci vstals arc not rc^iihir ni appearance, 
hul icscinhle diamond dnsi, allhouLih the oclahcdi'al lurm]nc- 
dommates. Many of these crystals are o])a<pi(\ some being 
transjiaieiil and col.anles>. whilst others (‘\luhn a variei\ of 
colours. Tlie\ art' oxlremcK haid and lefiacLur) ; at least 
lhc\ will resist the heat, o! tlu^ <'\\li\diogeii Ilame loi some 
time. 

When a imxtui'e of eirhon. siliet, and sodium (dih)iid<‘, in 
about the hm'^ome prop aiious, is emplo\ed, the product has 
the tollowine a.vera.i;c com[)ositi<)i!: — 
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Si 

.\I.O I'. ,n 

CiiO 

M-o 

(’ 

U 

[t. how fvn . ;i mn t iiH' ot c ii I't'it, cI.in (u!uiiiinnnn si1hmi*‘1, 
lU'l ''.(hIiuhi rhlomif Im' lak'-ti iii the stnicl. 

;in;ii\Ms Ihf lollowm^ irsuli 

(• 

S] 

\i,(i I i„t> 

M-O . 

(> 

if.-nc.r tile kixuvii <Mi l)Onnuluni mu-i Ik- ir- 

pudfd ;is ii coinpouiiii of (•atlM>ii and siiiron, tin- <K)tn})Osit,5on 
of wliii'h, wlicn )nuc, is oxjiMssod l»\ ilu- foiiimhi SiC. 

Willi v(’j^"iird fotln- jn iiciic.ul a|>|)lHsa,tioii of (In-luaU-i iai, tin- 
])at(‘!il spocalication stalos (hat. in addition fo Ik-iii!^ an a,l>iasi\«‘, 
it ina\ l)(“ iN(‘d as a siihstiriitc foi diamond dust nn (ailtini^ and 
])olisltin^c |>r(‘c.ious sumns. i-tc.), am! aUo in tin- |)io[iatalion of 
carl)oiis I'o!* (-lociiic li^luin^. 

Ill a l‘at(mt of \d<litioii takon oiil Iwo \rais faloi, Arln-son 
liK);|ilii‘d the pioca-ss, holli in ic^jK-cl of 1 la-i uclion ofthi' 
(doctijc fiirnaon and of tin* niiMnrrof inar'-iiaU, wlinrnliN a,n 
impiovcd pnxluct and incToascd Nicld wriv ol)f,i,ini-d. Tin- 
principle on wliicli this new finnaee (shown as a, tafei.il 
cieva,tion in Fi^;. d and a-; a veilicai eios-^ staaion in I'Vn li) was 
liased was that a consideia,l>le poi(ion of thecniieTil lia.veirt'd 
tin* mixed eharu<‘. whieh on;^di( lathei to Ik- inlliienced, i.e. 


n, ■ ,. • 
.;u on 
i.o'n 
I 7s 
0 17 
0 Is 
I •J7 


liOl'.l 
0 .IS 
0 in 
(I Oil 

1".) 7 i 
(I IT 
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hoaled to convi'i'sioii point, sok'ly Ijy llic liwit i-iuliiilfil from 
the path of tlic curri'iit. I'br, tiiilcw tlic ciiai’f^'e tie. protected 



Flu. \clicviiii'' Sci‘(m<l I'lii tliU'f |L,itrinl j’U'Miltoiil- 
from the passaj^e of the current, the e.i \ .^liilliiie character ot 
tile jirtxlticl IS fonnd to he more cii less impaired. 



Fill. (1.—Arlicsoti’s Src.ind Fiiniii'S' (PurtiHl CroBs Section). 

The base of the furnace is surmounted by a trouf^h of 
elongated rectangular form, with lateral walls A' and end walls 
A-. Bjiace’s are left between the, bricks of the side walls, so 
that the gases liber ited du in” the process can escape freely. 
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KiJlOf these gases take liic on issuui” iVoui the walls, they 
assist in heating the fui'iiace and its chai-i;e. 

Tlie cavhoii electrodi-s Jt, in the I'oiin ol rods nr iilates, are 
enihoddi'd in the end walls A-'. Aceoidiiig to Fiys. d and (I, 
a iRtmhev of carhon rods are inserted thioit"li openinrts, prel- 
"erahly ])acked (at it) with iishestos. Their onlei' ends are 
connected h\ means of the clatn|)ine jilale Ik, to which the 
leiUls from the source of current S are altacheil 
• Piirlhermore, a. sinele earhoii block 1! ~ as shown m Fiys. 



I'lc. 7.—Srctlouftl View ot Meililieil I’oilil el Aelieson Fniniice. 

7 tind b—may also be used as eleettode, or else several carbon 
prisms, fastened together in a huiidlc, may he emiiloyed. 

Provision must be made for a sulliciently largtt surface of 
contact between the inner ends of the electrodes and the 
adjacent core, and also for the utnforni distribution of the 
current between the various carbon rods. 

[u starting the furnace, a passage, for the core G is arranged 
in the interior of the charge. This core is of refractory ma¬ 
terial, which must be of higher electrical conductivity than 
the materials of the charge. 

A very suitable material for the jjurpose is granular carbon. 




ilie oi' tlin oi-;iins vavxin^ iiccordinif to tlu* dinuTisions; Jot 
llu' liini:u*.(‘ .111(1 IIk- mnouiil of ciivuMit consunicd. Thus, loi' 
iiwliMic-o, ^^llh :i coif S Icdl loii^. and :l niaMiniiin 

o! lltO.DOO \oit-,- in winch c.isc ihr (luundyi of tlu' 
(Muc vliuulil !)(' alifuil 11) inclir'v—nlir most ‘>uilalilc diiiH'iisioiis 
loi‘ (lu‘ ui-'ins Is onl•-^l^Ih lo onc-llltli ol .t!i inch. 

This coi'i'- which loiiU". a iwwol IraliiH' i>l lln- second 
jKileiil -I', not <*f iiniloiin ■^hapc ail the wa\ aloiii:. hut 
dinniii'^he', lowaoU the end-^. an ariaii^eincni lacihl.itiiiu thi' 
]m.ssai^i' ol cuiieiil and ensuiin;.: nioie intniiale coniacl wilh 
the elect lodes - as '-liow II al <' i I’ilI'' o and i i, w Inch consists 
of smallei ^raiiiil'-''. 



I’u.. s.—lOmt T'lcvaiien nf Mdilifc-iilHai <»f tli<‘ A<'ln-s()n Kuiiiaci-. 

To prevent, the forniaLion ot incrustaliiuis on the (dectrodes, 
from (•,oiita,(5t with th(‘ inalerial under (leatmeiil, the eiectrodi'S 
are alloweil in exieial into llie hod\ ol the core (at '*). 

Th(' charj>e ol niaU'rial 1> is ihiai airan^tal round the core. 

In order lo increase iIh‘ eIccUical lesislance of tin; mass, 
and a,i ilu* sanu* to make tlu' latter niore jioioiis, so that the 
^^ases nia\ escajK' more easil\, tlie charge was made u)) of tin* 
l‘ollo\vin;f in^o-edients: - 
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I‘|11- In \\,ijl,i 

iM)kf <>i iIk- IiIni‘1 

Siiml . . . •_>•) 

Ootiiinoii -'all *> 

S.I\V<lll-1 (1) colk -J 

Tills ini\Hir«‘ is iiiiini.Ui'K im-oi poiaual am! simwit .iiouial 
itii- wholr Icii'^lh of tin- ('(HO. I'ikIi'I loiulilioiis []].■ 

licit! m whu^li tln' crNsial-. ,iic loinnal is siiu,iU'<l in ili.- 
iniiTwtlia.'c \icniit\ ol ilm ('oic, ,uitl .issuiiics an .iiiiiniaj oi 
c\.lih(li ic:i.l sha|>f loimtl ilic mass n( i^a- <-(Hr 

W’llh rt'L'a.nl to llic capacii\ ol this upftil linnaff, ilios.- 
at the Ni:iL;afa L’alls pi.ml an* consti uoifil Im a. coiisimip!uni 
ol Till l\i]o\\a.lls. ami pioducc .iIk^ul ‘1 ions ol (aii lioi iimlinn in 
|,!mlv*si\ honis. an oinjml ctpnv.ilt-in lo o'S kilowalls pm il>. 
the mt(‘]’incilinic pioducts ami ihc pai l.ia,ll\ iincoiivi'Vlcd poi- 
UOii oJ Lho (di.ii'Ltc lifiri*^ Icfl, out ol coiisidci.i.lion. If, lioucvt-i , 
llicsc iiik’i'mcdiaLc pimdiicls lie iitili/cd ioi ihc m-\t ch.U'^i. 
then the ('.onsnniption ol ciieit;\ ]»ei Ih o! e,ai lioMuitliim is 
iialiiiallv lower. 

2 . tnui Oju'rtfl ton <’! ('a) hill It ml n 11/ ll'n/.s. 

'Idle lollowiiiij, tiesca ijilioii of the (•(piipmmil and ojit'i'alion 
ofllu' cailioiaimluni woiks at Nia^aia kalis is mken horn tin- 
work on (Mi'hoi nndinn h\ J'’iaiicas A .1. l'’il/;4mald ot llm 
!nienia.tional (ira-phile (V)., Ni.it;.Lia l alls, X V 

In the works ol ihe (kirhoi iindinn (’onip.inx the niateiiaU 
tor llie chaa^e, sand, e-oke, sawilust, ,i,ml sail, .oe slorial ni 
i)uildin^s near tin' fninaee house. 'I’ln sand is ;^<)od l;1.iss 
sand, ])re])ared h\ (aaislnn.n cpiait/. lolkiwed in nasinn^ and 
dr\in^. Tt contains dll'o jier cent, ol sihca. the chiel iin- 
purilies lu'in^ iu)n aaid alnimniuin. 'Die coki is sinnlai U) 
that us(‘d in blast fnrna,cc work, and is ol hii^h, imiloim iMi'hoii 
conkmt. The sawdust is used merelx to lemlm the mass 
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|ioi'ous. Suit is only a(l<li'cl in siniill (Hianlilics, and may be 
ol' ilio (;licai«!st qniilitA'; it is volatilized and ))eniieates the 
whole furnace, thus elinnnatiuf; the imjiui-itnis, iron, etc., in 
the lorui of chlorides ^ 

.\ll th(!Se ingredients are stored ready for mixin"', except the 
coke, which is lirsl ]iassed throneh a breaker, and is then 
raised bv an elevator to the sci-eens lor the core mateiial. 
One of these screens se|)ai ates the particles that are too small 
for use in ni.iknif' the core, whilst only those portions that are 
ol the rif;hl si/e loi the core tiaverse the meshes ol the second 
screen. The screeniues are tiien rnn thioueh a pipe into a 
mill, where they are pionnd, after which they ai'e raised by 
ail 1 ‘levator to ihe powdeied-coke hnnker. Fioni this re¬ 
ceptacle the powder is drawn off into a hannw, standing' on a 
wciehliriilpe on which the several incrcilieiils of the charf’e 
are welched out. The charge is weielied out in i-ton lots, 
whicli arc shot from tlie hariow into a hopper leading; to the 
niixine dnnn hv wav ol an elevator. 

.dccordine to I fammert, tin' raw materials are preferably of 
the followinp composition 
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The mixture is thou cora|)ouiide(l ol - 



I'.o inil 

Siinil 

■)7-l 

Cokv 


Sjiwiliwt . 

il-i; 
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In his Austvi;ui T’liU'iil, No. l'2,1ir) (liS!)4|, Aclieson 
the ratio oi tlie mixture .ts ■— 


I'u Mrit 


Ciulton 

10 

Siiiicl ..... 

10 

CuiJiiuun suit tii uliimiiiimn vilic.-uc . 

•JO 


loo 


Since Jrt!)2, tlie furnace plant at the carbomncitim works 
consists of hfteen furnaces (each ol 716 kilowatt-.), ineasiirinn 
2y feot in leiith^h outside, the internal diineiisioiLs lieiiij,'' length 
IGi I'oel, width 6 feot, heiehl o ', feet. The side walls are re¬ 
built for each charee, the end walls, w ilh the electrodes, heni" 
left standing. The electrodes ai'o com))Osed of twenty-live 
carbon rods 3d'| inches lone and 4 inches square, built into 
the end walls in horizontal rows of live each. 

On the outside, and between the horizontal I’ows ol carbons, 
are arranged copper plates 4 inches wide, 1 inch thick and 26 
inches long ; the perforated ends of these plates projecting iroiii 
the carbons, in order that the current leads may he bolted on to 
the plates. 

The diameter of the core in these furnaces is 21 inches. 

The electric energy required for the iurnacos is lurnished by 
the power station of the Niagara Falls Power Oo.,^he cm rent 
being of 2200 volts tension, which is reduced to InO volts In 



HO 
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tratisfoi'iMcis at tlic carbonmdiim works. Fiirtlwrinore, the 
t(!]isioii of tlie socondary onrrent can be varied from 7f) lo 210 
volts, in nniform stages, by means of a rconlator arranf'ed 
between tbe fiiriiaeus and transfonneis. .\ unit, consistiiif^ of 

t 

a tnitwronner and a rejiulatoi, U provided toi‘ each set of live 
turnaces, Imt only one furnace is coiiik'cU' I iij) with eaidi unit 
at an\ oik^ tune. The lusicni process takes tliiitv-six hours. 
At the start, lull tension is n.vailahle until tlu; consuliiption* of 
(“UerLTN h\ ih<; liunace has a.rtamed 71i> kilow;i,tts. In propof- 
tic.n as the H'sistance diiuinishcs, tin* jiciisain is then lowered, 
Imt tn siudi a irninner that the eoiisurnpiioii ol enerf^\ ieina.ins 
constant lhroui,diiml When the Insiou proces-. is comph'ted, 
the (unient is shut oil :il the Iransloi niei h\ opening Hu* 
pimiiUA cihuiil, wh(‘rrupon tlir- ea.hles an* detached fiom the 
turnaee and attiudied to the imM one that is rciuh, an opera¬ 
tion that (tan Ixt ])erfornied in live minutes. 

'The lusion jirocess itself is a hi^^hlv iiiteiesiiii^ on«‘, and is 
described l)\ l'’it/e(‘rald as follows-— 

“ When tlH‘ eariiorunduin funuice has been running lor 
about tw(‘nt\ nnnuti's. ;i. piHudiar smell is noticed, lu isiiii; troni 
the ^ases (tscapiny fioni the furnace as a result oi the cluirrinj; 
of the sawdust m tint iiuxtune On a li^dit l)ein^O)r()ii‘>ht near 
the ]uinac(5 walls, the |^as, which consists cliieil\ of (tarhon 
monoxide, ignites wdth a slight exiilosioii. To prevent tiie 
jioisoiious j^as from (‘S(ta})in^, iinconsumed, in such larj^e 
(juantities, it is ignited as soon as possible, though otherwise 
i‘;niiion would ensue spontaneously after a sliort time. 

“ In about one to two hours the furnace will he completely 
enveloped in the burning monoxide^, and renia.ins in this con- 
diLiou throLTJ’hout the rest of the process. 

“ Meanwhile the mixture, which at lirst was pihal to a height 
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ot over 3 k'i'i abov(‘ the u})p(‘r ol ihc furnace walls, 
^u’adually sinks unLil, by ihe lime Uk* juoci'ss is comjileletl, it 
is only level wilb oi Inflow tbe eilj;e. 

“ SoinetiuK's, ilu* plieiiommion Knoun as ‘ blow inie ' cxTiirs : 
^^ases which have tonned cavities in the ehai;;e, hurst- 
ni ;4 out w'ith ^leai viokaicj' and eau'>in^ a loud howling noisi^, 
white hot masses liein^ also |)io]<H'ted liom tlu* inUnaoi of 
the lurnaci*. d’lie-^i* ;i;as<‘s burn m tin* air w ith a deeji \<“iIow , 
hji<tlil Hame , hut it a jnece ot cold iidu loi’ nislanee Im- heM 
in the Ihune, it immctlialeh hccomes (oal«‘d with a white 
deposit ul -.dic.i. 

‘ \\ hen t he piocess IS ,n a ii end, a iid t h<' eui i enl lias been 
turned oil, l he side w.dls ul I lie I'ui naee .i re pai 1 i.i ll\ disnia,iil lt“d, 
and the loose, uncon\ei'i(‘<i nn\tni(“ is removed. Altei e-oohn^ 
foi' several liours, the (uaisi ot imconveitcd ehai^te .iml the 
‘wlnt(“ sLiili" siivioundm^ tiie carhoiaitidiim ai«“ also taken 
iiway, lollowed h\ llie iijipei- |joi'iion of ih*‘ (wlindei ol e,ai‘- 
hoiundum. a.nd tinallv hy the lowei hall ol s,ime ” 

d. J'nrihUI 1*1 1 'JH’I Iirs I>J t'i(i hni II mlIIII/. 

Since tlu'ie are alwavs thiee linnaees in woik a1 (he saane 
tinus the ont])nl in tliirt\-si\ hoiiis amounts to neat l> tons, 
(•(jinvaleiil to a jnoduction ol about hj Ions ])er diein. On its 
removal from the furnace, tlu' cai’horuiidum is hist L'l nshed in 
iron mills, and is then translerre,d to lar;;e wooden vats lined 
with leaii, where it is lixivated with cone.entrated sulphiirii! 
acid for several hours, m order to leniove various nnpiinties. 
AfU'r this it is washed with watei m lon;^^ wooden vessels, the 
washiiij^s hoin^^ passed throui^h setrlin^^ tanks in order to 
s(‘paiate the powderi'd carhorundum Irom tlie j^rams, which 
can then be recovered se))arately. 
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'L’hc wasiv.'d and dned carborundinn is; next passed over a 
series of j^nades ranj^in;," in size troin No. 8 to 220; and in 
addition to tfic various ^nades tliiis obtained, there art' tliree 
‘grades oi iK)\\der, prejiait'd by l<ivi^'atin ^4 the carborundum 
dust deposited in the settling-tanks. 

To niakt! }.,unidstones and ^.u'indin^^ discs, the ^trains ot car-. 
Iioiunduni are mixed witli kaolin and felspar, the mixture 
l)('in;» moulded uiub'r hvdi-aulic jiressure, and fired in a kihi 
resembhnjx a jiotrerv kiln Ca.outcbouc and sht'llac may also 
be used as binding media lor tliis ]>urpos(‘. Finally, carbor¬ 
undum IS idso put on the market in the foim oi carliorundiim 
cloth or “ paper 

Willi U'Sjiect to the propt'rLies ol carborundum, the speeilic 
^n-avitv \aries bi'tweeii d'lTi and 3'21F Tht' crystals arc 
rhnmbobedral. 

Uub\, coMiiidum. and sometimes diamonds, are scratched 
b\ carbonmdmn, which is jilaced bciwetni 0 and 10 (but 
neart'r the latter) on blob’s scale of liardiu'ss. 

If caiborimdiim be adulterated with corundum or emery, 
tlu'se adinixlures ma) Ik* deteck'd by placing the sam])l(5 in a 
solution (specific gravity d*'>) ol methyl iodide in lieiizol, as 
they will subsidt* in this liquid, leavinj^ the carliorundum in 
suspt'nsion. 

Oth(*r uses ol carborundum comprist' relractory material 
(lining for metallurj^ical furnaces), to replace ferrosilicou in 
steel makin^^ and for the prejiaration of silicon. 

-1. Oiiljint of Carhoniudinii. 

The followin'; table illustrates the rapid growth in tin* pro¬ 
duction of carborundum in llie United Slates. 
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• The maiiufiictui'f! ol c.n liorniidiMM li.i'i alsii hocn coiiiiiii'iicoii 
ill Austria, Oanada, T’raiior, ami (li.'iiiiaiiN. 

T-he presciil jiiic.i' ol caiiioriimliini is alinul )irr ion, cr 
works. I’nlorluiialeK, it m too hiiillo to use .iloiio as an 
alirasivc, and tlie iiioio |iioniisiiiu Us (■(•onoiiiir oHiriciicN at 
till' oomiiiencomcnl ol worliiiii;, the sooner it wears awa\. 

( 7 )) Ailificuil ('onniihnii. 

.'Vrliliiiial cortiiidum liasliceti iiianufactured nninteirii|itedly 
sinco 1837, though for the most ]iarl only for the |irodiititioii 
of jewellery. 

Within the past few years, however, works have heeti 
established at Niasiuu Falls for the prepaialton of artiticial 
corundum for other purposes as well. Thonyh the niaiinfactur- 
iiif; process is maintained a iirofonnd secret, it is knowti that 
the process relates to the treatment ol Georgia or Arkaiis.as 
bauxite in the electric furnace, under hit'll temperature and 
pressure, to imitate the reactions and conditions under which 
natural corundum was formed. It is also known that ereat 
difficulties have boon encountered in carryiii'' out the process. 

A French Patent has been taken out by W. Werleiii, for 
the preparation of artificial corundum, under the name 
“ diamantite ” ; and this invention is hein;'tried in Rheiiifel- 
den. 

Corundum can also be produced from the wastt matter 
from alumino-thermic processes. This corundum is jiartic- 
3 
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ularly hard when the raw material is derived from the chrom¬ 
ium jirocess, the. product containing traces of that substance. 

Still another process for the prejiaratioii of artificial corun¬ 
dum was made public in May, 1908 (“Miuing .Tournal,” 27 
■Tune, p. 781). According to this jirocess, 100 jiarts of [lulverized 
fused liorax, 100 parts of aluminium dust, and 125 parts of 
flowers of suljihur are mixed in a crucible and calcined with 
a mixtui'e of magnesinm and barium dioxide. When cold, 
the melt is treated with dilute ammonia : and the aluminium 
hydroxide, formed by the deconijiosUion of tlie aluminium 
sul|)hide, is eliminated by means of hydrochloric acid. 

Finally, a residue is obtained which contains globules of 
aluminium, brown flakes of boron, and a while crystalline 
powder of corundum. .M'tei removing the metallic globules, 
the loron is dissolved in nitric acid, leaving the jiure crystal¬ 
line alnmiiia, i.e. corundiini, beliind. 

Several (lerniaii jiiitents have been taken out for mak¬ 
ing corinidiim artificially. For instance, the I’atimt (No. 
97408) of I )r. (i. Itiilliier of Eixdorf is for a jirocess of making 
artilicial, fused, oi sintered corundum. I’owdered aluminium 
IB intimately mixed with oxides, jieroxides, or other metallic 
comjioimds with oxygen, a characteristic feature of such a 
mixture being that, when ignited by suitable means, it reacts 
endothermally, owing to the extremely high combustion tem- 
peratuve of alumitiiiini, and causes the formation of aluminium 
oxide, accoinjiaiiied by sejiaration of the metals whoso oxides, 
peroxides, or other oxygen compounds were used. 

In this reaction the aluminium oxide is completely fused 
and solidifies, on cooling, to a mass that is characterized by 
extreme •'.uirdiiess. The uon-metallic components used in 
this process may consist of nearly any oxygen compound, 
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though, of course, the tc^mperaturus attained in practice will 
depend on the amount of energy required to decompose the 
oxygen compound emj)loyed. Oxides of the heavy metals 
are specially adapted for this process. 

In addition to the aluminium oxide (corundum), there is 
formed a metal or metalloid, which may either he eliminated 
hy metallurgical means, or left in a more or less finely divided 
'state in the fused aluminium oxide. 

Thus, a mixture of chromium oxidi’ and ainmininm fur¬ 
nishes hoth the alumina anil sejiarateil chromium in a mol¬ 
ten condition, so that on cooling, two strata are ohlained : 
an U(ij)er one of alummiinii oxide, and a lower one ol metallic 
chromium, ff, however, chiomimn oxide he |■eplaeell, for 
instance, h\ horic acid, the hoion does not se|ianite out, hut 
remains finely divided in aluminium oxide. 

The corundum ohlained by the above process is so hard 
that it IS able to sciatch natural enieiA, anil can replace dia¬ 
mond for any technical jiurposes. It is, moreover, superior 
to diamond and silicon carhiile in one respect that slioiilil not 
he undervalued, namely that it can he prejiareil in solid hloclis 
of any desiiod size, which can he cm into ihe shajie of grind¬ 
stones ecjtial in durability and elliciency to those produced 
in any other way. The matciial is also suitable to replace 
diamonds in drill crowns; anti it should he jioiiited out that 
the dulled edges can he sharjieneil In chipping, ll can also 
be crushed in the same wav as einerv, and then moulded 
in the usual manner, nilh or without a binding medium. 

Mention should also he made of a process lor coiiverliiig 
native emery into anhydrous, iron-free corundum, jiatented 
hy F. Hasslacher, Prankfurt-on-JIain (German I'atefTt 80 ,021). 
The inventor bases on the fact that native emery is not pure 



K\ri’,l{V AXT* TJII-. hMKKY INDI STKY 


uonuidiini, lnU a iiiixtuiv of this sul)Ktiinu(‘ with metallic 
oxides, especially i(‘rric oxidi', of which it may contain as 
much as 30 ])ei cent. Nou the ))ri‘S('iice of this ferric oxide 
impaii's the abrasive ))Ower ot theemei x consideralily ; and 
the lulter nia\ Im' puntied in the lollowinj; manner 

The nalivi' eineiA is mixed wilh a quantity of charcoal ov 
powdeti'd coke corr(‘'>))ondin;; to the peiceiiia;;** ol ferric oxide, 
and is tlum exposial lo th(‘ aic of an allcrnatin^ current in an 
electric tnrnac(“. l iKh-r this treatment th(‘ mass fuses to- 
‘^ether, the fiMilc oxide hein,” at tin- same tinu* leduced. hy 
ilic eailion, lo metallic non, which melts and inns toj^etlun' in 
lumps 

Native enK'JN also coniams iq) to 5 )»ev cent ol eomhiniid 
watei, the jiri'senceol which is a soiirci* of considerable troulile 
in the hakiiii; of enuTN discs at hiith temperatures. This 
watei also is eliminated h\ the almve pioccss, the ri'Sultin^f 
corundum Ikmiiji; not onl\ free from iron hut also anhydious. 

;\ inrnac{‘ lor carryiiii’ out this process is shown in Fi^^ 9. 
The furnace wall A is made of hrelnick and ri'sts on <(irders 
li, so as to leavis l>elween the fui-nace and the llooiiu}^, a space 
B into which the molten emery can run down through the 
opening 1). The two carbon electrodes CC of an alternating 
electric current project into the interior of the furnace. 

The modu.'i operand'} is as follows:— 

The round opening D in the bottom of the furnace is 
covered with a fusible jilate P (of glass for example). The 
two (dectrodes ari* then intioduced, and brought to within IJ 
to H inches of each other; and the interior of the furnace is 
charged with emery and powdered carbon, a few lumps of 
carbon being placed, in order to conduct the cuiTent, between 
the tips of the electrodes. When the current is turned on 
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these lumps become white hot iuid cause the cmei v to melt; 
and while in contact with the molten emiTV, are ahsorlied hy 
and reduce the cotitained I'eri'ic oxide, so that in a x-erv short 
time an •electric arc is set up between the electrodes, its for¬ 
mation being revealed hy a buzzing noise. 

In a very short time there forms round this arc a mass of 
molten emerv, which is surrounded hy a iigid crust on the 
side tiext the unnielted material S. 



Fin. !l.—HaBBlaclit'i's Fiirtiiu'c. 


Carbon monoxide gas escajies through the ciacks in the 
furnace walls and tin* surlace of the charge, which gas burns 
with a blue flame whim ignited, and indicates that the I'e,- 
duction of the feriic oxide is in piogress. 

As soon as the glass plate P fuses, the molten emery runs 
down, as a stieani of brilliant whiteness, into the under 
chamber H, the flooi of which is pieferahly strewn with 
ordinary, coarsely )iowdcred emery, in order to protect the 
firebrick from the extremely high tetnperature ol the mass. 
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When a fresh (juaritit) of the charfio is allowed to descend, 
by hreakinj' the solid crust with iron bars, the fresh influx 
of charec cools dowii the ])revionsly molten emery round the 
o)ienine li, and closes the latter, which does not reo.ncm until 
the snn'Oinidin;^ portion of the charge has fused once more, 
this occiiriino at the end of ten to fifteen minutes, so that the 
proe,eKs eoes on conlinn,ally. 

'I'lio solidilied product is crystalline, nearly colourless, with 
a luslic like (|uart/, and occasionally dull red (ruin) oi' blue, 
ill which latter event beautiful deep blue, tiMiisjiaient crystals 
ol sa)i]ihire will be found aoolonierated in small cavities in the 
mass. 

k’or emery containing iilmut 'do ]ier cent of feiiic oxide, an 
addition of d per cent of carbon is reipiired, thouf;h. as the 
electirsles lurnish carbon to tlie mass, 4 jier cent will suflice. 

'I'lio deposited iron contains some aluminium , and this 
aluminiuni-non is then collected in bieakino u)i the molt, and 
IS separated b_\ means ol an electro-maf'netic separator. 

in workiiiff on the larj^e scale, a dynamo of 800 anijieies 
and liO volts is used : and ineasuremonts taken during work 
give an amperage of d,i0 to 800, with a voltage of 40 to 00 at 
the terminals, 

A suitable raw material for this process is afl'orded by the 
dust [lowder from the emery mills, this material being of low 
technical value otherwise. 

.\s reg'iirds the production of artificial corundum, or alun- 
dum, in the United States, the output of the Norton iimery 
Wheel Co. in 1000 aniouuted to 1,71^,000 lb. (value 
!# 2Hd,7dO),_and in lOOd to 8,012,000 lb. (value !$ 252,840), 
corresponding to an average price of 0 cents jier lb.; whereas 
in 1904 the production was 4,020,000 lb. Most of the above 
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output is consumed in the Norton Go’s own works, for the 
preparation of corundum ^rindin*; discs, 

((') CntshfuJ Sliu‘1. 

Crushi'd steel is ]m)dLiced in a s])(‘(m:i! facior\ at Pittsburjf 
U.S.. and is chiefly used for cuttius^ up blocks of niiirble, ;,iriinito, 
and other stone. A hi^di of cruslu'd steel, known as 

steel oinerv, aciei’ eint'.ri, or rouf^fe, is ein]»lo\ od lor i^lass-cuttinu. 
and coats about o cents per lb. at tbe works. 

The I'ollowin^f table sliows the tuitpiit of c.rushiMl steel in 
tlio United States during tlu; past tew \ears. Trices ranj^^od 
between 5.1 and 10 ctuHs per lb. according lo quality; and 
the output in 1005 was largely made up ot the hij^her 
grades. 

ruoin-i'iioN (•!■ Ccc-'Hi.i' Sri;i i. IN jhi tTst im* S> \n 1 s'.H r.Ml-" 


Will. 

u*. 

'I .Ml. 

h. 


isus 

01)0,000 

100.; 

7“):).ooo 


I Him 

117"),000 

1004 

700 000 


ItHM) 

700,000 

100-) 

r.io.ooo 


lUOl 

r, 00,000 

1000 

h:{7,ooo 


11102 

7:'t‘).O0O 






l^Un'U iti‘. 



In conclusion, 

mtiiitioii may liti in 

lade of another 

l•(“.cenlly 

invented artificial 

aln-asive, i 

ntermedii: 

Lte ill iiropertuis 

between 

carborundum and 

American 

artificial 

conmdum, Klectritc is 


uniform in texture and extremely tough, so that it oilers very 
powerful resistance to a crushing lorce. The grain is sharp- 
edged, though the structure is amorphous. 

The prices of the principal abrasives, m the forni of grains 
per ton, free Paris, are as follows — 
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1. CMiia<liaii (“orunduni 

Flail cs 

700-10{»0 (4--2S.t40) 

2. NaxtiK (.‘ijK'ry 

m) - .-(50 (1;12-£14) 

H. Tinkish i tncry 

200 . ;i00 (£10-£12) 

4. (iarnct (ron^fh) 

200 • 250 (£H-£10) 

5. Eipan pumior 

(iO (£2 Ks.) 

<>. Tripoli .... 

125 (£5) 

7. Rou^li (crushed Kteel) . 

HO ■ 21MI (£1! 12R.-tH| 

H. Csuhoniudum 

HOO-llOO (,£;t2-t44) 

Tlie ))riccs at American works in 

1905 were’— 

H. ('iiuiidiuu coiniidum 

. IJ-OI cents iior lb. 

1(1. (Tuniet frou^;h) 

¥20-:{2 p<‘r ton. 

11. Tripoli ..... 

. .i=5-01 pi-r Ion. 

TJ. ('arlioriuidiini .... 

. 7-10 cents per lb. 

l.‘l. CriKlu-d sled .... 

5il-ll cents per lb. 

11. AluiKlum (artihciHl corundum) . 

. 7 cents }ier 11). 









CHAPTHK 11. 

EMKliY AND GKINDING DISCS. 

Of all tho abrasives inentioiied in the jn'evioiis chapter, 
emery, corundimi and cai'lioiimdiuii have attained by far the 
greatest imimrtance foi f'riiidin}' purposes ; and, in fact, onr at¬ 
tention may be roslricbid to the first of these three substances 
in devotine further consideration to this new anil comparatively 
younn industry, because everythin^ that may be said on the 
development of the emery industry in all its slaves, aiijilies, 
mulatis iiMlditdis, to the other two. f-hnery is used for a 
j^reat variety of jiui'iioses in connexion willi orindino and 
polishino; but its chief uses may ])erhaps be grouped into the 
three followiiif,' classes :— 

1. The preparation of emery discs and emery wheels , 

2. The further treatment of emery discs ; 

3. The griudine-machine industry. 

1. Thk Prki'AU.vi'Ion or Emkiiy Discs axd Emkuy 
Whkki.s. 

The progressive develojinient of Gerinaii industry, which 
took its rise in the middle ot the nineteenlh ceiilurv, and, 
after a slow beginning, jiroceeded to grow with increasing 
raiiidity was accompanied by increased demands on the 
makers of machinery, to an extent that surjiassed by capacity 
the tools available at the time. 

(41) 
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Tiic h(!avy compulsion of (^xtrcmie iiocessily then led to the 
establishment of an entirely new branch of industry within 
the (‘Xtensive j'eneral inachinerv industry, and one that 
seenned, during' succeediu}^ di'cadt^s, ca])al)le of raisinj^ the 
entirt' machinen-y industry to a far hi^^her hsvel than Indore: 
namely the machine-tool industry. This industry was de- 
si^med to follow the march of events and ke(‘|) pace with th(i 
j^rowin^ iequiri‘jn(‘nts of tht; work! niarki‘1, by re))lacin^^ the 
limited capabilities of hand labour by machijie tools, callable 
of running day and ni^ht without fali^iu\ and of increasing 
the output b\ ten- and even a Inindred-fold the quantity pre¬ 
viously turned out hy evi'ti the most industrious workman 
when usinii >dl tin* forces at his command. 

TIk; eviM-j^rowing com])(‘titon led, niter aim, to a demand 
for ^'ood, up-to-date ^n’indinj^ tools, in ])lac»“ of th(‘ okl, iuefii- 
cimit uriiulslone or hand lik', so as to yield better and, above 
all, quicker lesults. It is triu* that omerv was alr(‘a()y re- 
j'ardc'd as tlie l)est abrasiv(‘ known ; but it was then chiefly 
nsc'd in the foi*m of grains, whereas the task to be accom¬ 
plished was to discover another form, more suitaljle for op- 
eratinf,^ l)y mechanical means. 

Th(‘ first step in this direction was the production of emery 
grindinjf wheels whi(;h, in contrast to the natural sandstones 
])reviously us(*d, had to he made exclusively by artificial 
means, and conseqiumtly presented a task of considerable 
difficulty, the requirements to be fulfilled Iiein" i)y no means 
easy to satisfy. For instance, an enuu'y f^rindinji wheel must 

(1) be able to resist completely the action of centrifugal 
force; 

(2) have great durability, in order to compensate for its 
higher initial cost by greater working efficiency ; 
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(3) be insensitive to atmospheric inflnenccs of all kinds, 
especially dam)); 

(4) be sufficiently unil'oi'in and hard to piu-forni the most 
divergenti tasks placed upon it by the material (cast and 
wrought iron, steel, bronze, biass, cop])er, nickel, glass, marble, 
etc.) to be ground, and the shajie of the work (edges, plane 
surfaces, saw teeth, s|)irals, etc,) to be treated : and linallt, 

(5) tbe binding medium used must be free fiom all dt'h'- 
terious ingredients cajiable of affecting tin' health ol the 
grinder. 

(a| The IHminni Mfiluim. 

It was in connexion with this factor that tbe gieatest dif¬ 
ficulties arose. Natur.dlt, at lirst, recourse w.is liad to sub¬ 
stances tliat liardeii like cement; and the eailiesl emeiy 
grindstones were made in this wa\, li\ llie cold piocess. 
This system, however, was higlilt mifavourable, on acconnl 
of the great nnreliahihty of the resuliiiig )iriiduct in use. 
With discs ot this kind, breakage was an ever-))ieseiit con¬ 
tingency, owing to till' facultN of chemical coiiijiomids for 
ticcoining active under certain conditions after \ears of quies¬ 
cence, ami thus setting uj) alterations or stresses in tile interior 
of the discs, the consequence being the lormation of cracks, 
or the splitting and bursting of individual portions. 'I'hese 
stones also naturally sulfered considei'abl) under atmosphei ic 
influences, being, therefore, liable to “ weather,’’and reipm- 
ing to be stored in the dry. 

Moreover, the quahtv and gi’iiidiiig ])ro|iertics of tfiese 
wheels was impaired In the jiractical ehimiiation ql’ the poi- 
osity ot the emery by the use of similar cementitious binding 
media, which filled up all the pores ; and on this account. 



44 


jaTEliY AM> THJ:: IXprSTT^Y 


such discs wei'(‘ vtTV liable* to slip in contact with the work, 
instt‘jid of (*\erting a {^rinding effect, esp(*cially when made of 
fine-grain emery. Their only advantage was cheapness; 
and they were very well termed “ cheaj) and nasty,”. Prob¬ 
ably the only use to which this class of grinding disc is now 
applied is for rough grir)ding, and their practical eiuploy- 
mtint entails the adoption of s})ecial prc'caiitions, guards, etc. 

A betit(!r niediiun was that made with vulcaniz(‘d rublxjr. 
Wheels made in this way had a vi'ry high working capacity, 
eS]K‘CiallY under heavy pressure and when running hot, the 
binding inediuni then burning awa>. (n other r(‘Spects also 
they W(*re tar mon* reliable in use than tin* discs made by the 
eol«l process, and would cr'‘taiui\ have be(*n abb* to retain 
their hold on tlu* market for a longer ]H‘iiod, wt'ie it not for 
the iulv<*rse inffiu'nce ot various othei- cireumstanc(‘s. 

In the first place, a new binding medium—the so-called 
ceramic nuslunn—was mvonu-d in .Vmenca; and on the 
otb(‘r band ihe rajnd giowtli of the motor-car indnstry led 
to such a rise in tlu* juice ol lubbei that the vulcanizcd- 
riibber grinding discs were no longer able to meet coni])etition. 
Nevertlu'less, this rubber nietiium exhibits the property of 
high resistance to wear, ami usually imparts long<*vity to the 
discs, its elasticity, moreover, rendi'ring it jx'culiavly suitahlc 
lor use in ihm discs, fn addition it can he used for grinding 
various kinds of metal, and also for wet (water or oil) or dry 
grinding. 

Still other forms of binding medium uuule their appear¬ 
ance. some of which are still succi'ssfiilly used. One of these 
is the oil .medium, equally adajited for wet or dry grinding. 
Although grinding wlu'els of this kind ajqiear very delicate, 
they act with considerable energy, and aie particularly suit- 
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able for shai'i)eiiinn inachiiu' knives a,ml saw teeth, in auto¬ 
matic Grinding macliines, as well as lor grinding soft metals 
and other soft materials. 

Greater hardness and dnrahilily is exhihited hv anothei 
kind, nailR’U, grinding wheels made wilh mineral hindiiig 
medium, xvhich, though onl\ lit lor dr\ grinding, are ex- 
cellentlv adaiited for rough grinding and limshing wioiighi 
or gjast iron and steel. Shellac, glue, rnhher, and sul- 
|ihnr have also been used as hindnig media. 

All these methods, howevi-r, are lai sui passed by the cer¬ 
amic hiiidiiig mi'diiini, which was hist use<l in America. 
The binding medium is vitrilieil with the abrasive at white 
heat, in pottery kilns, where the goods are lired at the niaxi- 
mum heat of the kiln, and thus retain their cutting pro]>eities 
and reliahilitv in work, Tn contrast to other hinding media, 
the medium in the grinding wheels, made according to tins 
system, does not diminish tlie grinding power. On the con¬ 
trary, the highly porous texture of these wheels greatly in¬ 
creases their utility, so that thiw can lie emploved lor grinding 
soft, smeary materials, such as mild steel, brass, red brass, etc., 
without smearing. 

Moreover, the texture of these wheels is unalterahle, and 
they are insensitive to atmospheric influences, cold, heat, oi 
moisture. They do not throw off any dust or smell in use ; 
and, in wet grinding, their porosity causes the water to ho ab¬ 
sorbed, and consequently given off again, in the iorm of tiny 
particles, to the work. 

(i) Hardness and Grain. 

The hardness of the binding medium is a ver\’ important 
factor, and expresses the degree of resistance it opposes to the 
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detachment of the grains of emery. This hardness, of course, 
has nothing to do with the hardness of the abrasive, the grains 
of which are embedded in the medium. Emery wheels can 
be ol)tained of varying degrees of hardness, according to the 
kind and quantity of the binding medium used and the degree 
of pressure applied in the manufacture. This hardness must, 
of course, be commensurate to the kind of woi'k for which the 
emery disc is to bi‘ used, since, otherwise, it would readily 
smear, through ihe collapse of the ))or(‘S, or it would wear 
down too (juickiy. As a rule it may be said that the greater 
the degree of hardness of the disc, the smaller the amount of 
wear; liul on the' other hand, tlie lower its abrasive 
capacity. 

Tlie degrees of hardness arc, unfoj'tuuaiely, arranged by the 
various makers on dilTereiit princijiles, tliougli tlie introduction 
of a unilonu scale is highly desirable. 

\ well-delined scale of hardness coinjirisos, for example, 
all tlie letters of the alphabet, i.e. t\veiity-hve to twenty-six 
liegrees, as follo^^s .— 


Si vu: OF IlAllhNf.Ss. 


A vorv «ott 


n 

c 


t'reo N medium 


0 


1 ) 

E isoU 


medium hard 


I-' 


S 


O 

H .. 
I 


J medium soft 


L 

M medium 


T 

V hard 

V „ 

W 

X „ 

V very hard 
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The letters between the terms “ medium soft,” “ medium,” 
etc., indicate regular gradations, so that disc K, for instance, is 
two degrees softer than “ medium,” whilst, on the other hand, 
disc 0, for instance, is two degrees harder than “ medium,” but 
not quite*" medium hard”. Other scales are subdivided into 
a smaller number of degrees; but eacb maker of these discs 
supplies five chief grades of hardness ; “ bard, medium hard, 
'medium, medium soft, and soft”. 

The class of grain of the abrasive material forming the disc 
is also of iuqtortance with regard to the i]ur)>ose for which 
the disc is intended, the size of the grains depending on the 
hardness of the article to be gi ound, and on the accuracy or 
smoothness of the surface to be )iioduced. 

The grain, which also governs the roughness of the disc, is 
classified according to numbers rejiresejiting the number of 
meshes per inch of the screening sieve used. The table on 
jp. 48 gives the most suitabb.’ degrees ol hardness iuul grain 
of carborundum discs. 

Generally spipaking, the finer numbers are used for obtaining 
delicate, fine finish, and tbeveforo loi fine metal woik, sharpen¬ 
ing knife blades or sharj) inslrunienls, etc ; whilst the middle 
numbei’s arc tor finishing off metals, coarse tools, etc ; and 
the coarse grades for grinding away larger (juantitics of 
metal. 


(c) Penphorcil Vclucilii. 

Another ))oint of importance is the ))eripheral velocity at 
which the discs are run, alleratious in this particular having 
an extraordinary influence on the result of the grinding, since 
there is no doubt that the amount of work done 1^’ one and 
the same grinding disc will vary considerably at different 
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sjiueils. As a ■'uidi;, the following consiilnatioiis should be 
home lii mind :— 

Oilu‘ 1 - conditions heiiif' cquul, and on the sauio ]iiece ot work, 
a soil erindin;; nnist he run faster than a hard one, in 

order to jirevent excessive wear ; whereas, conversely, a hard 
disc must he run more slowly, so that it may bite hetler and 
not cause the work to eet hot and the [tores of the disc to get 
smeared. The a[)j)eaiance of these latter [ihenomena is a lygn 
that th(' disc is too haid for the work m hand and tins actual 
s|K‘('d emjtloyt'd. The defecls may ht' obviated h\ taking a 
softer disc, oi' redttcing the s)ieed at winch the hard disc is run. 
On the other lauid. howevei, the S[)eed (numher of revolutions) 
of every disc must he increased in [troportion as the disc wears 
down, in oivler to maintain the right [leripheral velocity and 
full working capacity of the disc as nearly constant as possible. 


Scmni.i’ Hvi’viiNrHsi \^ni> Giuin’ ok C.vkh 

Ol Wtt 

iiu'M.vM Discs 

K. 

’>‘K V\Uloi’ 

Work. 

riavil steel jHWs— 

Unuii. 

Ihu’iinesN. 

Outer surface .... 

iJb-40 

0 

Inner fiiufuee .... 

100 

L 

F.xtra hiiifi. 

HO 

It 

Chill-east jaws. 

24 

H 

Bronze and brass eastin>^.s 

24-;tf> 

I 

Wroujjht iron slide valves 

40 

K 

Lathe poppets. 

100-1.50 

L 

Turniuo and planinj; steel 

.40-40 

I-J 

Turning and planmt' ste(;l 

40-40 

I 

Chill-cast railway wheels . 

24 

G-H 

Chill-oast hardened manganese steel 

10 

H 

Cycle frames. 

30-40 

H 

Milling cutters. 

00-80 

h 

Milling (back cut) .... 

00 

0 

Swage forgings. 

24-30 

G-I 

Screw stocks. 

60-80 

L 
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SUITAJ’. h II\i;iAi'«s AM* (tU\IS III C 

MtBOUr.Nl) 

M |)lsi’s 

roK V\i:io 

Ci.xsM j' III- \V.ii;k.- 

-( '(mfinu'il. 




(it.nil 

11.11 111,., 

CaHtinf^s, . 


Ki^Jl 

(1 11 

CaRtin^K, yniall .... 


•J'.> :ii) 

(i H 

CaBtiiiRt? (fffci'i” .... 


20 

K 

CaHtin^s (lini'shium . 


liO-SO 

l\ 

Chil I castm^v ..... 


•JO -j J 

11 

Chill-'5UM-1 ha'iK (nanoxin;: Imn) 



(1 

riayini'-Diaciiiiu* cutli'iN . 


ao.;hi 

n 

WoOll-lUllllllt' UmU . 


lo-tid 


\\W anils. 


;{i;.in 

li-M 

Ci)ia chisi'ls , . . . . 


■Jt-.w; 

11-.1 

HiU'lv su\v> ..... 


10 <;o 

IM 

Mil<l-hti‘*‘l piston riii^s ihiiisliin-.'} 


so 

.1 

Mru-iiinc p irK i^a-nHvu!) . 


L'O.lO 

(1 11 

Metal KawH ..... 


TOHO 

(i-ll 

Ijro.'Mihes ...... 


liO-SO 

h 

lll.lSS CMSllll^'i .... 


:;o 

II 

Malloiilili'(!astin'.is (Ih-iiwi 


20 21 

H 

MalleiUli-castiii'.*'. 


■21 ;-io 

II 

Wnm|j:lit non (li'^litt.... 


L»o ;{o 

H 

Wrought iron {lieavvi 


Itl -24 

(4-H 

l'’(>r‘fin}'s (li(‘}i\ \ 1 . . . . 


■20-21 

(1 

Kor^niif's (li^'lit) .... 


:{o. ii; 

11 .1 

Forjiiii^'s, niilil stci-l .... 


24-.il‘. 

H .1 

Twi^tilrills. 


r»o 

o 

Miia slec!. 


21 

ll-.i 

Hardenoa siofl .... 


40X0 

R M 

Very hurl steel (l':iein}f| . 


10 00 

N !■ 

Natural hara mtoel .... 


;to-40 

.1 

Sttjel eastin-.'s, lar;.'‘. 


10-20 


Steel eastiM'^s, snmll 


20 2 1 

(Ml 

Forjfoa-stoel shsilK .... 


2J 

H 

Cruciiae Hleel. 


10 

h 

Tool ttteel, iinnealerl .... 


:{(o;io 

I 

Tool Hteel (tacini'l .... 


00 

li 

Tools (wot ^fiinaniij:) . 


21 ;J0 

H-r 

« 

Tools (dry j'rinain.'). 

► 

■to-10 

i-.i 

Pinions. 


HO-oO 

M 


4 
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[<}) Hardness of the .ihnisicc Matenal. 

Kvon inou* iinportatit for the ^jrindinj^ ca))acity of the disc 
than th'‘size of tfio^o'aiiis is the hardness of the latter, which 
naturally corresponds in all (aises to the* natural hardness 
ot the ahrasivo. The l»e«t of all j^rindin^ discs would be 
compose! of diamonds, held toifciher liy a suitable binding 
medium , but this, unfortunately, is impracticable on ac¬ 
count of th(* heavy cost, and will jirohablv continue to be 
so. Next to th(‘ diamond in hardness comes Acheson’a 
caiborundum , but against tins inateiial is tlu* circumstance 
that it crystallizes in flat cr\stals, wbicfi gr<‘all\ ri-duce the 
porosily ol tin* disc, :ind tluis pr<‘cUid(‘ its application to the 
grinding ol lini', soil mali*rials, such as copper, cast bniss. etc., 
owing to the liabilit) to smeai. I'lveii for coarsi* nuiterials, 
such asgri'Ycast non, thesi* carborundum discs an* unsuitable, 
unless ihe material is v(*ry lough and burred or finned, so 
thal It keeps the gniulnig surfai'i* of the disc alwa\s lougli. 

Of (roiu'se, carborundum discs can be used if tliey are run 
at such a speed that no smearing can occur; and ni such 
cases a laiger amount ot work can he got through tlian with 
am olher grinding wheels, rnlorlunaiely. however, the 
wear of I lie disc.s is proportionately increased and the relative 
economy of this abrasive is again called in (piestion. Of 
course, this ohjeclion disap])ears wlien output is of more con¬ 
sequence than wear, tliat is to say, wlieu time-saving is the 
predominant factoi'. 

Thus, for iustanci*, carhonmdum discs will grind chill-cast 
shafts much faster than other ahiasiv«‘s, since, according to 
Lehert^ a chill-casi sfiaft of Ixst and hardest quality, measuring 
40 X 12 inches can he ground down hy l.J to 2 inches in an 
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hour hy means of a 20 x (i-inch disc, riinnin'; at lifyO revolu¬ 
tions, the shaft itsidf biiiiiK rotated at a speed of 12 revolutions, 
and .advanced tit the rate of 20 inches. 

The erains of ifie tibiasive must not be brittle. The im¬ 
portance of this will become evident at once if we consider 
the various staf'es through which the ftrindine surlace of the 
disc h.as to ])ass. Tint surlace ol the ilisc must prt'stmt at till 
trmetj a number of proj’ectine crystals which wear down in 
pro|)Ortion to their hardness, until the\ have been reduced to 
the same level as a further munlier of crystals which have 
been hitherto embedded witlnn the disc; and it is onh when 
these latter crystals heem to exert an abrasive action that the 
worn crystals should droj) oiil. If, howevei, the ciastals are 
brittle, thi'\ will not wear down, hut will lireak ofl before 
their full task has been conipleti'd, the eijudnie siiilace then 
hec.oiniii^ |ntled and ra|iidlv weaiiin,' awiiv. 

This also demonstrates the importance to he attached to the 
baldness of the hmdiiie liK'dliim as well , because, il this he 
loo brittle and too resistant as ni.iv well happen in the case 
of cheniically-comhined media the woiii-oiit eiaiiis c.i.nnot 
Kcl loose from the huidiiie medium, and the disc hepms to 
smear. Furthermore, since there is no |iossihiht\ of ad |ustnie 
the hardness of these discs with chemicallv-comlimed media 
in the course of manufacture, they can never lull\ replace 
sandstone, and must lie restricted to a comparatneK iiairow’ 
sphere of ajiplicahilitv, iiameK, to roiieh eimdiiif;, for which 
work, however, they are well adapted. 

The case is dilfereiit with ceramic discs, in winch the 
hardness of the hindme medium can he emdiiated to a nicety. 
This property has enabled the ceramic discs—whichf in addi¬ 
tion to being admirably adapted for line gnudiiig (and given 
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a shai'p-i'df'i'd abrasivu material ami a |)ro|)erly sidected hard¬ 
ness of the hiiidmi; medium), will erind steel just as well as 
sandstone and without causing the woik to run hot—to drive 
sandstone entii-ely out of the Held. 

The main ohjeel in view in all the operations f,'oing to 
produee artdieial grindsiones is, therefore, to perfect the 
grinding eapaciU' in the two chief points already mentioimd, 
namely, the hardness of the ahrasive and the hindiiig medium. 
Somi’ of the modern processes for this iiurposu will now he 
descrihed. 

The linn of Simons a (!o.. Soest {Westphah i), has taken 
oiil a (h'l-man I’.ttenl (Xo S ), ll-ei) for a |)rocess of making 
emery-stones with a magnesite hiiiding nu'duim. The feature 
of the jirocess is that the )iulp\ mixture of magni-sium-chloride 
solution, magnesite and emei\ powder is placed in metal 
moulds, whie.h are mounted on a jig tahle, the vihration 
of which causes the s]ieciiically heaviest poitions of the 
mixture, viz. the grains of emers, to settle down gradually to 
the lioltom of the mould us compactly as possihle, each grain 
having time to assume thi‘ most suitahle jiosition with regard 
to Its neighhoiirs. This jirocess gives an emery-stone con¬ 
sisting of 90 jier cent of emery and only 10 ]ier cent of 
magnesite hiiiding medium, the su|ierlluous portions of the 
latter heing forced ujiward hy the jmniiing movement of the 
tahle, and then easily removed. Hitherto, such sujierfluous 
])orlions of hinding medium have merely contrihuted to the 
weathering of the stones ; hut, in the new ]iroccss, the smallest 
possihle amount is left in, and merely fills u)) the spaces 
hetween the compactly arranged and resistant particles of the 
ahrasive." 

Another process, that of F. II. Paul, Bredstedt (Schleswig) 
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— German Patent, No. lG8,44‘t—iiicf)V]ioraU-s 10to o() percent 
of fin(‘ pumic(* ])OW(Iei willi the almisive material, in order 
to iin])art to th(‘ vesnltin^ mass siudi a texture tliat coarse¬ 
grained i‘Hi(!rv will (‘xei’t merely a umith* abrasive action, 
whilst fine-grajn(‘d emery is prot(>cte(l from sni<‘atin}4. In 
tliis case an att('in))t is made to obvia.te defects ai ismg fiom 
the grinding maleriaJ lieing loo comjmcl or the u'veise . for. 
when tlie gram ol the abrasua* is too tine and the mass too 
compact, It soon fills up and becomes smeaiv, so that i( ik) 
longer bites properly , whilst, if the graan be too coarse and 
ihe texture too loost\ the grinding action is excessive and at 
the same time the rale ol we.ii is acceleiated, 

A similar ])m])Os(‘, nanM'ly to obta,m a ginidsion<‘ with a 
rough, jiorons surface, imdeiiies tlie process of F. Swel\, 
Marlmrg f \nsl na) -(hninan l‘aien1. No. 'in which 

the mixture of ahi-;isiv(‘ and Innding mateiial is Healed to an 
addition of jmlverized cr\sialhne mafiTial. c.ipable ol extienu* 
siihdivisioii. so that it breaks or splits off m small tragmeiils 
fioin ihe smface ol the stone wlieii ni use, ,i,iid tlius Knaves 
the surfaci' al\va\s loiigh and poious. 14ie ma,t<*rm-l added 
for this piirjiose consists jireferaiilv ol mica, usuallv micaceous 
iron oie. 

(c) TJi(‘ Mannfd-rture aj Kmcrij JUsr^, rtc. 

The preparation and treatment of emery, uji to Uie stage ot 
making the mixtures for tht* maniilacturc of emei y discs, 
has already been described. From that point onward, the 
manufacturing procf?ss depends on tiie binding medium se¬ 
lected ; and in this connexion a huge numhiM of fyndarnen- 
tallv dilTercnt methods have arisen, which an* not ofsuflicient 
interest to discuss in detail, more especiallv since the makers 
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coiiwriH'd to tlicir own nu'thods, which th(*y do not 

wi^li lo piihlic. 

'rill' dN(N in:iA he nioiildcd eilln^i by hand or in nionldiii*^ 
inaclimi‘s. • 

Accorditiii lo infoi-inalioii sn|)])h»‘d l)y S. ()|)|»*hh(’ini A 
('o. and Schlosiiii^iM’ i\ <‘ 0 ., (‘ini'r\ and inachinuiN nuimifac- 
unvrs. llainhol/ (IhuioviM), thn Allas cnn'i’N discs |)rodiic(‘*d 
in till'll' works arc made wn,h a bindin;j; nii'diuin of inbbor. 

Tlif jiroporlioiis ()| the unxlurc air arran^i'd To fui’iiish 
discs willi ;i loii-ab and rhisUc siinclurc. The moulded discs 
arc then siib)rci(‘il to prcs^nirs np lo ;{5()() ions in a hoi^c 
hwit'.nilic pi 's■^ (I'lr. 10), :ui«l <li led. Allri' ihr diyin;^ jno- 
crs--,ih(*\ air turned down ni the lathe (Ki-^ II), In ihr aid 
()l i)or!/. I black diamond I cno.iTs A specimen of iJk'si' dia¬ 
monds, \M‘n;liinL: 7501 carats and worth lOOOO. is shown in 
I’lL- I:!. 

Till'-.” Ali.is disc,s are used toi ilia and wcl ^ifindiiiij;. 
Another mai k. I hi' Vulcan disc, siiitaiile onl\ I’or dr\ •»rmdin;i. 
is iiiadi' III the s.imi' wax 

Onlheothei liand, the Helios discs ol the same makers 
ha\e a ceiMinic hindinu iiu'diuin, andarc'liied ni saerj-rs in 
a)totlei\ kiln lor st'xciai weeks, 'riiese liaked discs ari' cx- 
tri'inely haid and poioiis, and max he used lor wet and dry 
;irmdin;,i. 

I'V I d shows ihc doorwax into the kiln, with the discs piled 
up m cohiums. 

The discs 14 ) on issuing fiom ihi'kiln, arc placed in a 
well-xeiililaieil, lull dry store, xvlmre they arc made ready for 
SLMldme 4Ull. 

An extremely iutereslin^f process is the manufacture of 
eiiKu'x cloth, which was formerly made In hand, unlil, early 
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Fit!, n.—Tiirninj; Discs in Uio Liilin-. 










Fi<i. ]5.- i'lickiiiK PreBK. 


Pj<.. 14. —Kuh'i'v Discs, Tlcrtdy for 
]>is|)iit(‘h. 

j)i'()f(‘ss to *])(' carrieil out by nu'cliaiiicMl means. The ma¬ 
chines are f d wiih rolls of th(‘ fabric or iiaper to be coated 
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wilh emery, ripply a Ktvon^ coating' of {^lue lo tlie one Mde, 
and then convey the material to an ap})aratus whicli strews a 
|}iy(*r of emery powder of the desired ^rade over the freshly 
frilled siy’face, imifonnity of distrihution Ix'in^' ensured hy 
sj)(‘cial and hij^hly inj^enious devices. A ])oint lo which 
sp(‘Cial cai’e is <lireeled is that th<* ajHces of th«* sha» p-e<lj^(‘d 
ernei'y {grains shall j)oint uj)ward, so as to intensify theahras- 
ive’ action. Tn this wav a nialenal that is ]}:i.rti(Uilarly suit- 
}d)le for ruhhin^ down wood is obtained 

'Phe pa})er or cloth is n«‘xl dried in exhaust-di its's, aiul 
when ]>erf(x;tly dry is cut, h\ a machine, into sheets, which 
are tied together in Imndles ol tw(Mit\ -four to twent\ -five hy fe¬ 
male lahour. This machine is ecjuipped with a. junitiiii;athudi- 
ment, which stamps each sheet and puls tlie trad('-inarl\ on it. 
The huiulles are hah'd in a pae.kitij; press (l■'l^^ lo). and ai'e 
dis|)a1ched in that condition. Hi ^ives a view inside an 

eirierv-ciloth factory. Tlu' niannfaclun' of ^l.iss-pap(‘r and satul- 
])a])er is carri(*d on in the same way, and can he advanta^^e- 
ously comlniied w'lth the production of emei \ (sloth. 

(/) Va.rielui'i awi SV/u/jcs' of Kim-rti W'lnwh, ami 

('ijlindcrs. 

Orindin^r discs, etc., may he classitu'd in the first [>lac(‘ 
according to the abrasives of which they ar(‘ composed : Naxos 
emery, corundum. Gaiiadiau corundum, carhoniU* fcarhor- 
unduni), diamantino, and clectnte discs. 

Another classification is based on th(‘ purposi* lor which the 
discs, etc., are intended ; wet or dry grinding, or hotli. 

With regard to the shape of the discs, tins vanes to an 
extniordmary extent, with tlie idea of suiting different classes 
of W’ork, so that a detailed description is irnjiossihle, each 




FiiJ. 10.—Koom in Emery-cloth Fuetory. 
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mak(ii* ))ro(l(iciii^ a vt-rv lar^<‘ number of s!ui]m*s, sDim'tmic'i 
runiiing into hundreds. 

N(‘verih<‘less, mention will 1«* iniuic o!'trw chai :u-iei ist ic 
shapes,*>uch fo)‘ example as the periplieml seetioiis el discs 
for sharpening saws, l\pical shap»‘s <if which .ue shewn in 
Pi^^ 17. Another cha.ia.clei isl le slci.pi' ( 1 'il; IS) is that et the 
discs for sharpening the slicing Kniv<‘s used m sii^ar hic.ieries. 
the thickiH'ss and h«‘\el ie<|miin^ lo eenespeinl .icimii iilel\ 
to tlie shapt' of the knife 



17.— I’crtplui 1 1 Si'fi u>n ’ In.. |s - [’(ii i'i.. I'.i. I'.iinu I’olln 

oi Discs toi Sh:e pi mil.' pliniil S1 i:i|h 
Saws ol Disc !i>i 

Sli.ii iii'tiin" 

S!icci>. 

inteieslin;; shajies ai'c ]iri‘sented h\ the mieiw iel]>*rs 
intended for shavpemm; tlie blades ot inowin;; maciniies, the 
peripherv havin;; to i-oiiespond m shape to that et tin* hlade 
ijiiierv c>lind<*rs aie also made in v.u lous si/rs te (it the ;innd- 
in^ inacliiiH's em})loved for })ro<{n(an ‘4 liar, siirlaccs, and also lor 
grindin^f tlie Inoad cutters of maehiues loi sphti.in^ paper and 
leather. 

A sp(*cial tV]M'of ^rmdm;; wluad is tlu* sc^nienlal pattern, 
illuslrattid in 15;^. 21), tlie )jeeuli5i,r lealure ol wliicli is that the 
grinding surl'aci* is com))osed ot a. uuiuIhm’ ol separate hhxdvs 
with intermediate s})aees. Tlie advani.ai^e ol this leini is that 
it runs cooler in w'oiking, nianily lM‘cause the ^a])s allow in¬ 
creased access of wattu’ to lht“ woik. OonsiajtumliN, tlnae is 
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less rif.k of tlic \vo) k or the {'rindcr sottinp; hot—a matter of 
special im)iortiuice in tiruidinn hardened steel. Ki'gmental 
grinders ar<‘ also less liable to become smeary, and retain their 
ahrasive jiower more fnlly. They are, however, only advis¬ 
able foi use in very rough woik, and particularly hi cases 
where large quantities of material hav(> to lie ground away 
quickly. Nevertheless, they may also be used foi- heavy work 
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on Yifry lou^h iniitcniil, such tis armour jiliitus, or for fjnnding 
the cuUers of laig(5, hi'avv shears, and hollow-groundf 

wood-j)laniu‘; cuUt'rs. 

(f/) K.i'jn'nifU'nf^ on the Stabilitif (ind ('opacity of Emery 
Wheeh. 

Prof. Grublcr. of Dresden, carried oul a number of ex¬ 
periments to debu’inine th(; lensik* strenj^th of emery and 
carboi imduin discs, the* Coniniittee of th(5 .Vssociation of German 
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Eiif^iueers having expressed a desire loi s\i(;h trials—and 
provided tlie funds I'oi- same—with a view to ascei Laiuing the 
peripheral velocity at which grindstones can sal'eh be run. 
Trials were iiiad(‘ with grinding wdns'ls liO inches in diannaer, 
2 iiichoif wide, and 2 to dj inches l>or«‘, !ift\-four ennsA discs 
.and three carhorunduin discs having been jilaced at disposal 
by ten German and American firms. 

.The tensile strength was g«‘iH'rally greatest in the wheels 
made w’ith vegetaiile binding nuslui, the inaxinnnn strength 
(287 atmospheres) being furnished l)y ;« wlieel supp]ie<l In tlie 
Naxos Union, hVankfurt-on-Main. The great dil'h'ii'nces pre¬ 
vailing among tlie various makes, however, may be gatheri^d 
from the fact that the V(‘getahle-houml produci of another 
mak(‘r had a tensile value of only Idl'd atinosphises. 

Among the enun-y-stones. mad(* with eeranne binding 
medium and fired at white lieat, a German make again gave 
the highest tensile valu(‘, nanu^ly ld7'2 atmospheres, whilst 
the American ))rodiicts ol similar character gav(' a value of 
only 97*4 atmos})her(‘s. 

In ])oint of W'oikmg elUciency, grinding in moilern enun-y 
grinding machines is far sniierior to the oldm* methods of 
working. According to a r(*port hy Ijiidwig JiOewt: I'i ('.o., 
Beilin, the time r(‘(pnred for rough turning a shaft 2j indies 
in diameter and 14 inches in length, on a lathe, and then 
grinding it in a Norton grinder, from an initial thickness of 
2^ inches, is only thirty-eight miniitt^s in all, the finished woik 
beiugtrue to within . d„, 7 th of an inch. With the older method 
of roughing and finishing in the lathe, forty-eight minutes would 
bo necessary. It must also be remeinliered, in order to make a 
proper comparison, that the lathe-finished worlj had after- 
wards to be tiled down, an operation the duration and result 
of which depended to a large extent on the skill of the work- 
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man, and was capable of infliiencinf; the quality of the pro¬ 
duct considerably. 

In the course of time, moreover, the working capacity of 
grinding machines has b(‘en greatly improved. Thus Lebert 
states that whilst formerly the removal of half a cubiclnch per 
minute was regarded as good work with a circular-grinding 
machine, the capacity of these machines has now been doubled, 
and at present three-quartcra of a cubic inch islooked u]ion as an 
exceptionally small ipiantily to grind oil in that time. The mo¬ 
tive |iower has also been reduced from 12 h.]!. to about 7 or 8 
li.]i., owing chielly to the sujierior quality of the abrasive ma¬ 
terials used. 

(/i) I’nintf: on the, Vsr of (Trindani 

If a disc smears, this is generally due to excessive hardness; 
but if It neitbei smears nor bites, the fault is in the contrary 
direction, the disc being too soft. 

Mxcessively lapid wear may be due to various causes, for 
inslance: 

(1 1 to the disc being iiisullicieiilly hard : 

(2) to the gram being too line, in conpinction with deficie.nt 
hai'dness. tins being indicated by iniperfect grinding ; 

(3) to the work being pressed too h<‘avily against the disc ; 
and finally, 

(T| to the disc lieing too hard, a condition leading to rapid 
wear ill conseijiience ol' the continueil roughing of the disc. 

TIu' baldness of the disc must be selected in accordance, 
with the size and we.iglit of the tools to be ground. In order 
to grind hard arlicb's as Hnely as soft ones, a coarser grinding 
disc must be used for the former than for the latter. 

The selection of a suitable grinding disc is, even nowa¬ 
days, rendered difficult liy the circumstance that the different 
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makers have not yet been able to aj^ree on a nniform system 
of marking to indicate the grain and liardness of their pro¬ 
ducts. Such an agreenie.nt is fhghly desirable in the interests 
of th(‘ machinery industry and for the well-nieriu^d reputa¬ 
tion of tlie grinding-machine industry. 

. A word in conclusion, on the use of grinding discs :— 

It is true that the gi'indnig discs of the pres(*nt day will 
cut fr(!i‘ly, so that it is snpei’thious to ])rcss particularly on the 
tools when grinding. For interior grinding, which is h(‘st 
done by the dry method, the frc^ely cutting tool forms the 
ideal. Nanow discs should h(' si^lected for this jmrjiose. 

Hearing in mind the temperatur<^ of the work to he ground, 
wet grinding is jneferalih* at the outset, in order to k<‘e|> the 
work cool, though the risk of rusting should not Ik* forgotten. 
Tlie addition of lime nr soda to the \\ai<M. as a ])ievenlive- 
of rust, howevei, ma\ easily impair the giimling ])ower of th(‘. 
disc, especially as it is the practice to use the gnsisy wafer 
ovi'r and over again. 

2. Tun Fuktiteu Tkkatmknt of (Iiundino Discs. 

(f/.) Moiindiuj till- })/\rs. 

Hearing in mind the (“Xtn'ine importanci' ot mounting the 
grinding dis(!s securely on the shaft, in vie\\ ot saletv in 
working, it is necessary to bestow th»' gnuti-'t care on this 
operation, because if keyed fiianlv on the sliati or driven on 
to a conical spindle, tlu' brittle discs would crack at onc(‘. 
Hence, as they cannot In' forced, it iiHconies a matter of juin- 
ciplo to make the hore in the disc somewhat larger than the 
diameter of the sjnudle, and also a little wid(‘r than the open¬ 
ing in tlie flanged connexion jiieces. This has also iiecome 
a fixed practice, the first makers to examine the question 
thoroughly licmg the Naxos Union Co., Fraiikturt-on-Main, 
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After loni; and exhauKtive cxptTimenls they found that, in 
order to fix tlie, discs firmly, tlicy nuisl lie held, not by the 
whole inner surface of the flanges hut only for a certain dis¬ 
tance from the outer edge of same. The hold obtained by 
this method of mounting is qiiite suflicient to stand iht! highest 
strain required, and also obviates the various inconvenienctis 
arisii}g in the case of smooth flanges. 

The recognition of this fact resulted in the invention of the 
Naxos Union safety flange (I'^ig. dl), which is still used hy 



Fni. 21.—Safety Flanges. 


the makers in question. Wliere, possible, the grinding wheels 
are thickened at the centre, but not to such an extent as to 
fill 11)1 the recess m the flange and allow the surfaces to come 
into contact. If such a disc hursts, through careless or un¬ 
skilful handling, the fragniimts will be retained in the, mount 
in coiiscijuence of the thickened centre. Moreover, in order 
to utilize the disc fully as it wears away, all that is necessary 
is to replace the large flanges by smaller ones. 

In some cases the flanges are also made of ta))er cross 
section (accoiding to the Bernard system), though the conieity 
of the disc itself need not extend as far as the periphery, but 
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only for al)OUl iwo-tliinls of the lot;il diiniu'ti'V, llu* oMoi-iial 
portion ix-ing of iniiforin tluokiU“^s. 

Another vers piactinal torin ol iiiouiilniL; i^; tin- N.ixos 
system of an iron eor«’ lor (Incs with an elastic hindiiii^ 

medinni -’i). winch core cun be used o\ei auain wlu'ii 

the disc is worn oiil 




Figs. 23, 2-i, and 2d illustrate legulatioii mounts toi eriiulmg 
rings and cylinders, as made by the Schonherr einers woiks. 
Chemnitz. Here also the discs are ineieU clamped between 
a fast flange and a loosi* one, with the interposition yl suitalile 
rubber washers. 

A ring mount is shown in Fig. 23, whilst ligs, 21 and 2d 
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represent the method of nionnting' grinding cylinders. It 
should Ix! noted that the iron guard ring in Fig. 25 is adapted 
to slide in gi-ooves, so that it can be adjusted as’the grinding 
cylinder wears down. 

Other markets have elected to mount their grinding cylinders 
by means of a screwed-on flange, jiroviding a guard ring in 
addition. 

The Naxos Union also moiuil such emery cylinders- and 
rings as are intetided to la* used on one lateral surface only, 
u])Ou an iron plate (l'’ig. 26), to which ii flange is securely 
lastened by screws (six in the case of wheels 16 inehiiS or 
less ill diameter). 



Pin. 20.—Iron-iilate Mount. 


(/)) Guards. 

It is evident that with the liigh s)«‘ed at which these 
grinding wheels are run, any cracks arising from the mati'rial, 
binding medium, or lii mg ])rooess, arc liable to cause extremely 
grave accidents, owing to the iiipiossibility of putting on the 
brake at the moment such a wheel fractures or bursts; quite 
apart from the circumstance that the brake would be too late 
in operating, since the manifestation of centrifugal force in 
such cases is iustaiitaneous. Though, so far as their action 
extends over the disc, the safety flanges exercise a certain 
protective' effect, this protection has been found insufficient in 
practical working on the large scale. Consequently, ■ better 
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guards, iiistantaupous in action, hail to he devised, to jiroteot 
both the grinder and liis Mirronndiugs ediciently in the event 
of a disc lireaking. 

The idea was very soon evolved of encasing the grinding 
wheel and jiroviding a )>roteotive hood, without unduly re¬ 
stricting the working snifaee ol the disc. The Naxos Union 
wwe the pioneers in this direction, h\ inventing a guard that 
was capable ol )ii'et(iiting the disjieision of a disc that broke 
while running, and ol stopping the disc as (piiekly as possible. 



Fid. 27.—haterid Elevation ofDtfic thmrd. 


The attainment of this purpose was sought by a form of 
construction, which is shown as a lateral elevation in li'ig, 27, 
•and as a rear view in Uig.the latter giving an idea of the 
appearance of a disc equipped with tlie stop inotioti. 

This device is constructed in conformity with tlie circum¬ 
stance that the fragments of a disc that Imists while running 
are not detached immediately', but esca))e from tin; mount by 
degrees, until, when sufficiently released, they are projected 





(ils kmi;i:y \mi tiii-: liMKitv indtstht 

with greiil violence li\' the poweifiil centrifugal force due to 
th(! high peiiphcral velocil,\. (The d<!vice wa‘< patented, hut 
the patent rightn were ahandoned hy the inventors, in the 
public interest.) , 

A guaid hand c- (h'ig. 27), made in several (larts, is mounted 
round the grinding disc /’, being secured to a yoke tj and 
forming a loo|) in front. Tins hand is tightened hr aclamp'/i. 



Fki. —Naxos Pniuii (tniHlmg Miiriiiiie with rroteoting Guard. 
(Rear View.) 

and is siip|i(irled at a siillicient distance from the disc hy arms 
1 attached to the frame a. .Brake cheeks k are arranged at 
different places on the hand a. In the event of any broken 
fragments of the disc escaping fi-om the mount, they are 
gripped by the brake cheeks t at a short distance from the 
periphery of the disc and, in consequence of the peculiar 
rotary arrangement of the supporting arms, are pressed with 
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increasing force ai^ainsl the disc uniil tho latter is completely 
stopped. 

Even should the delaelu'cl Ir.i^uneni merely small, it 
would and must come in conliiei with tlu' brake chis-ks. and 
thereby tifjhten up the^uaid band ‘fiadually. 

Since' this elfect is prodiicrd very quickly with the hi^di 
speed of running;, there is a possiijility of the band Ix'in^^ torn 



Fia. 2U.—Front. View l’ie\lous to iJurstiii^'. 
loose in the case of larj^e discs ; so. to ]>i cve.nl this contin^^ency, 
the band is tif^htened hy an adjustalile clamp h, and then, 
after a loop has heeu formed, is rij^idly secured to the \oke rj. 
Consequently, the braking' action is }>revented liVim hein^ 
too brusque, the hand having to ln‘ drawn j^iadmiliy through 
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the chini)) /i, \vl\ioh c:tlbrt iihsorl)h a large proportion of the 
ri.'t cira of tlic disc. 

Fiii'llicrmoi'c, in onli'r to ncutviilize iis soon iis possiblo thf 
iidvoi'sc (’I'fccl of tfu' pult of llio driving belt on tlir bnikinj; 
action, the biind c is liiti'd with a cam which, on the hand 

lieiii^ moved ever so 
slightly out of its 
oiigiiial )iosilioii on 
the hurst.ing of the 
ilise, IS moved in 
thedirecUotiol rota¬ 
tion of the disc, In 
tlie hvaking action 
of th(‘ cheeks In 
this na\, tile |iin n 
is deprived of its 
support, and the 
arni /, loaded In the 
weiglit e. tails oil to 
the long lever arm 
ij, where!)) the 
clutch or friction 
coujiliug p is re¬ 
leased, so that the 
Fiu. :t0.—llsiir View l'rc\ums to IturKtiiii;. helt })ulle)' fi runs 

loose on the shaft h. 

The nianiier in which tliis guard behaved under the official 
tests can he gathcied from the table on p. 73 and the il¬ 
lustrations in Fi,gs. ‘2t) to 82. 

Another guard device for gniidiiig discs is the elastic, ad¬ 
justable, and rotarv hooil, made of corrugated steel-wire gauze 
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liy l-'oiitaiiif lY (!o., liouki'iiheini (b’riinkfiu't). By tightening 
or 'oosening a screw, tills hooil can lie adjusted in any posi¬ 
tion round llie disc, so that gi inding can lie jierfortned on any 
side ■ front, lear, above, or below, the operator being Jirotecled 
ill every case. 

KiisuiiTS Of JirnsTiNo Tusts 

peiiornied with eiiiciy iliscs 2 t inches iii diaiiieler, '1\ inches 
thick and with li-incli liorc. 'I'lie discs, of vaiyiiie degrees ol 
llneiiess (see opposiUi page), were nioiiiited in a grinding 
macliiiie (Na\ns I'liioii, patteiii AS), and run at a speed of 
» = about IdliO revoliitjoiis per niiiiulc, the perijilieral velocity 
being I' — about 1(1:1 feet jier second. 

.\ Inithcr advance in ".onnexion willi these adjustable 
guaids IS iiiadi' bi the new jialents ol the Naxos I'liion and 
ol the Vcrcnngte Schiiiirgel A Maschnieulahrikeii A. G., 
Ilanihol/ (llaiiovei). 

That ol the Naxos I.U 11011 is a chain secured to lotalablc, 
slotted anils and held b\ special claiiijis callable ol tightening 
the chain at any link. In the other Go's, device, high-re¬ 
sisting power, coinbnied with great elasticity, is secured by 
niaking the hood of several layers of su)ieruii]iosedstrips of 
sheet nu'tal, to ol an inch thick. The, additional advantage 
of easy adjuslnieut is sc'cured by the, action of the strips and 
by the constant Ilexihility of these strips when superimposed. 

(e| Dnat Exluiii^toi s. 

It is well known that considerable amounts of dust, Ixith 
coarse and extremely fine, are jiroduced in grinding shops, 
which dust is vei v dangerous to the health of the wwk-people 
if inhaled. Consequently, attemjits have long heen made to 
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find iTiL’Jins for oil’siicli dust in a sale* and re^rulai' 

luaninn', in all (K 50 U})atioiis wIutc this inconvenience arises. 
The inatti'r is one ot iiaiticular inlci(‘si to the f»nndin^ 
industry, on ac.connt ol Ihe hi;th-\\oi kinti capaonv^ind sjieed 
of tuodern <^rimlm‘f inachincs, and h.is loiined tin* ohji'Ct ot 
careful invesu^fation uillun the last leu \e:irs The use ol 
exiniuslors naluralU suei;(‘sLe<l ilsell, hut the existinji t\pes‘ 
\V(‘r<‘ found unsuttahle loi tin-' s])ecia! pm pose, and a. vari('t\ ot 
patterns havi‘ been evolve<l. 

Tlie Kui'rlin^ niji'ctoi k also ‘>mtal>lf. pio\ided the works 
are eijuipped with h\dr.iulie mains (with a jiressiin'ol at least 
lliree atniospheresi \iuilhei In.ehK praelieal de\’ice loi 
draAviiii; oil and puiilxme dii-.!-laden an lioin blinding 
machines has been mtioilueed h\ the Naxos I iiion ((iciman 
l‘aL(“nt, No. I lll).47-‘)). no »liseh.irite pij)e liem^ i(‘(jmii'd. J’dg. 
43 shows a mdmg jn.ichme lilted witli this lUtacliment and 
udjustalile, wrouglit-iron liocnK with side walls of sheet metal. 
The dust before UaiMuj; ihi* exliaustoi, is mtimatel\ mix(‘d wdth 
a fine spia\ of water 1)\ means ol a small centrifugal j)ump, and 
is then delivered 1)\ a current ot an into a chamber, specially 
provid(‘d 111 llu^ hast' of the in.ichm(‘, wlu'u* it is deposited, the 
■ 111 -—which is now pcrtectl\ tree IVoni dust—being returned 
into tlio room. This device, which adiniralily fulfils its pur¬ 
pose, has th(' additional advantage of being continuous in 
action and reijiiiring no special attention. 

(d) Uoiujliuiij and Tiuchkj llic (.irindl?i(i DisCi>. 

In course of time and in consequence of the uneven pressure 
in grinding h> hand, evtm the best and hardi'St grinding discs 
get out of true, and the pores l)ecoine clogged. The resulting 
unevenness and smoothness ot the disc must he remedied by 
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trueing ami roughing, that is to say In lathe turning ami n*- 
boring. 

As a rul(“, hortz is us(*(l lor tins purpost*, a c-i yslal Ixung cai*c** 



I{:5.—Xa\(is I'liion Dust Kvluiiivtoi. ^I'roiit View), 

fully movinfced in a steel iioldei- aii<l uinplo^etl to turn down the 
disc in a lathe, either h) the aid of a hand rest or slide rest. 
In this way the unevenness and smoothness of the disc can he 
removed in a few minuujs. 



CPLVPTHli Ml. 


GfUNDlNd M VCTTINKS. 

1. Iniuodi’ctoky. 

ALTitorfifi LIic m!u;him‘r\ iiiiinuliiciiircr loii^ il(‘sire(l to hiiv(‘ 
a ^rin<lin^^ nuic-liiiu' (5:ij)iiJ)lc ol r(‘]>lacin^ tlic lih* and the ordin- 
:iv\ ^nndsioiK', and tinning out jnon‘ work than these, the 
mi(iOi tance oC these ttew machines was slow to he vee-oj^nizi'd, 
and considerahle seeplieisn) was exliilHtcd l)y maidiinery 
makers witli r<-^Mrd to the offers and statemi'nis mad(! hv the 
nialo'is of ^Tindinj; inachiiH's. It was onl\ as a result of ox- 
hiinlions that the two parties eventually arrive'd at a mutual 
underslandine, luid t!ie manufacLnrmj^ eneineeT lea,rued to 
a}>preciale th<' new hrane.li of machine-tool construction. The 
tirst Dusseldorl Kxliihition allbrded this opiiortunity, and also 
\ielded jiractical fruit in so fai that, since then, the indispon- 
sihilitv of tli(‘ ^rindin^ machine lias been admitted for the 
workshop, tettlinji shop, and tool <ii inder\. And in the thirty 
years whicli have elapsed since that Kxhibition, the j^i'indinj; 
machine has made its way into all liranches of the machinery 
industry, so as to he now’ i‘eeOf.,mized as an essential }>art of the 
equipment of even the smallest shojis. 

The increasinj^ requirements of that industry, under the 
^U'owinji pressure of world conqietition, and especially through 
the necessity of making greater use of, hardened machine parts 
(Tii) 
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that cannot ho worked in the lathe or the jilaniiif' machine, hut 
require to lx: f,'round hv tlie aid ol enierv or corundum dixcs, 
soon led to increased ajqireciation of the {^lindiji'; macliine. 

The imw tasks included the ^lindiiif' ol slide rods, tlie con¬ 
struction of machines foi- flat and circular };rmdin'^, to work 
cliill-cast and )iorcelain rollers perfectly time for the jmiqiosos 
of the iron, jiapermakinp, milline, and chu industries ; the con- 
stVnction of machines for shaiqieninp saws and cutler lilades, as 
.also marhines for special jimqioses, such as linishins the inner 
Kurfaci's of hushes, v.ilve-liiiks, c,ist-iron ol vessels, etc. In 
a woid, the metal aiul machmerv indiisti ies seemed all at once 
to conceriliate the whole of (heir wishes and reqiiireinenls on 
till* ernidins-niachine indnstiw, with the result that the maki'is 
were so overhurdened witli orders that a. reeiilar mventional 
hooni set in. Then, after tliesc years of storm and stress, came 
the ])eriod of cpiiescence and relied ion, alfoidmo anqile ojipor- 
timilx foi weifilnii.it up the Jesuits achieved, and givinq the re¬ 
presentatives ol the mtliisliy m all lands occasion foi testmp 
tlie devices most likelv to he of |ira.ctical utility, and to derive 
fresh incentives from the reipm-einents ol |iractice. 

Ill this wa\ the t'lindmt'-machine indiisiry has erown 
and developed to such an extent that, nowada\s, )ilanmt; 
and drillmo machines, and even lathc’S are mostly used for 
ronj:;hin},;-out work, tlie liiiishinn tieiiif' elfected hy iiietliods 
of eriiidiiif; that ensure a hiqh decree of acciiriic\. 

Within the limits of a technicaf sketch it is naturally im- 
possihle to nive a complete picture of an industry that has 
dovelojicd ill so many ways and directions, and lias to 
some extent become more or less interwoven willi all otliei 
industries and the machines used therein. 

It will probably, tliouiforc, ho sullicieiit to deal with a few 
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of till) main hranclies of this industry, as is done in the follow- 
inf; section. 

2. PiiiNoirAL Tvi'ns OF Guindino Machines. 

{a) Tdiil-iiriitdinii Maclitiies. 

The f'nndinf' macliiuc for ^riiidinf; tools is the orif;iual form, 
which was only later snecoeded hy the manifold a|iplicatiouS 
of the i;nndiMj; machine as an up-to-date workiuf; machine. 
The jiriinc essential for iloine eood work is a sharp tool; and 
this condition must he niaintaiiied hv fretjneut grindin" iii 
order to retain tlie working cajiacity of the tool itself. For- 
meily, this operation was fierlornied on an oiilinaiy grind¬ 
stone, hut is now c.iriied out by means of tool-grinding 
machines, the sinifilest forms ol which are used on cutting 
tools, such as drills, chisels, planing tools, lathe tools, etc., 
and are ))arlicularly \aluahle in all shops where the tnrnei's 
or planers have to shaipen and set their own tools. 

Those machines are verj strongly built, the shaft being 
of best stool and ground tine to lit the beaiings, which arc 
of red brass, fitted with ring hihricators and bolted on to the 
top of the frame. It being rmy nnpoitaut that the hardness 
ol the groitnd tools should not be impaired, dry grinding is 
out of the cjitestion, and all these machines are, therefore, 
litted with watni-feed. In the newest jiatlerns the lop of the 
frame is dished to ioini a watev-trongh, the water being fed 
automatically hy a centrifugal ])ump from the water-tank 
inside the hollow frame. The dirty water drains hack into the 
tank,and after depositing the contained solid matter is used over 
again. For small shops machines of this type arc also sup¬ 
plied rvitli a support or with a wall-bracket, the water being 
supplied by means of a dropper mounted above the machine. 
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This is the primitive form, coi-resjtomiiiif; to llic mei.liod used 
with ordinurv grindstones. 

Por grinding liiiiivy lallie und pluning tools, up to :t iuclies 
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stpiaro, a fur stronger jiiittein ol grinding ni.icldne is naturally 
retpiired. 

Fig 34 shows oUB of these very jiowerl'ul machines, suit- 
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al)l(' for lar;;c works in which licavy ))lanin^f and turning 
tool"- an'l <5liK(!ls ;ir(‘ nscl. macliino, wliich is made hy 

tlie Schinir;fclw(5rk Ih', Iiiidolf Schonhcrr, Furtli, nr. Chem¬ 
nitz (Sa\un\), may fitted \vith an (Mner) (ii-^c 40^inches in 
duimeler and (i inches wide, and weij^iis n(»ii‘ly a ton without 
the disc. 

{/>} Kniic-ijniulnKj Maviuncs. 

Tlu'se machines ae.(jiiired consnlcral>le im])oriance oven 
llie lime of iheii Iii4 introduction, owin^ to the ]M)ssihilit\ 
tlu'v atloiil of I'niidiii'i lilades with accuracN and dispatcli, 
and il was a souicc of jileasuic to he alile to replace tlie old 
oidrnau mindstoiie liy the (juicker ^rindini^ disc, the ]m)pci 
sliavpiuiin^ ot machine knives hein^ a. nialtoi of ijreal mhuost 
m niiineious industries h'or e\a!n])le, cutUirs lor wood 
pianos. )iap(W cuttoi^, loatlior-^plittine knnes, diawin^ knivos, 
lioiiacco knives, jilito shoars, cork e.iiUers, su^Mr choppers 
ruhIxM cutters, etc ele., all of winch have to he (piickly ic- 
shai pened wlam dull, atuaiiacx of ormdmt; heinj^ also essen¬ 
tial. Some of th<*in have to hi' ojouiid Hat, others hollow 
ground, this lattei' metiiod hiano particiilai ly needed tor 
hlados tliat have to ciil clcanlv and sharji (cork cutters, to- 
ha(!co knives, ami cutters for wood jdanes), whereas flat t^rind- 
mo IS practised more in connevion with cutters that work 
with a shearmo action and are subjected to heavy strain in use 
(paper cutters, plate shears, etc.). 

According to tiie class of work to he done, the machine 
selected will lie one in whicli a ^n'indiug cylinder or a disc is 
used. In the larj^cst of these kinfe-j;rindin^» machines, used 
for '^rindiii'f blades U}) to 13 feet in length and eitiiev flat or 
slightly hollowed, the l)lades unde- treatment are clani])ed 
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firmly in tlie luachiiK*, iIh* t'xljiuU'v bcin*; moved 

toward the work. 30 and 3(> sho\s two special lorniH 
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of those iiiiKiliiiies, the tiist ni]ii’esoritiii!' a, iriiiohine foi m inil- 
iuf^ sheer Itlades, and tins second one lor shaped hlades. 



Fill. ati.—Machim- inr (Jl'lmlmr Sliniir'l ttlteles. 


(e) S(iir-.-,liaijii'iiiiiii Miirlinifx. 

Very great diftioiilty was formerly encountered in shar¬ 
pening circular saws tor wood and metal work, and also 
band-saws, but this has been completely ohviiited since the in¬ 
vention of automatic saw-sharpening machines, with straight 
C 
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out, and of automatic, sha,zoning machines for circular saw 
for cutting metal. Special attention has boon devoted to this 
class of machine hy Fontaine ..• Co., Bockenheim, Frankfurt- 
on-Main; and one of their newest patterns is shown in ig. 
37 a, b, and c. This machine automatically sharpens hot or 



Fin. 87A.-Saw.shari,euing Madiiuc for Hlvaight Cut, a-ithCircnlar Saw. 
cold saws up to 5 foet in diameter and inch pitch. The 
clamping device with tho circular saw to bo sharpened can 
be easily and reliably raised hy moans of a threaded spindle. 
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One of the chiel adviinta^^c's of this type of savv-shiirponiiif; 
maiihine, however, consists in the fact that the eiijei-y disc is 
able to grind continuously, being uniutorruptedly raised and 



lowered to just tho exact degree that corresponds to tho height 
of the tooth to he ground. This dues away witli any cTead 
traverse and ensures the.inaximum working capacity, since 


•A'.it) iiit'C Sirpy iiii.: Miohuii? for Strai^^ht Cut, with Setting Derice. 
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the disc reinnins in contact witli tlie tootli during the whole 
interval of time that is recjnired for the rise and fall of tlie disc. 

Auollier hicld) practical arraii"einnnt is that tlie feed of the 
saw, for teeth of any pitch and also the reeitirocal motion of 



Fill. —Elt'ctnc’iilU OporHtc'tl Autoiniitic Saw-shiuptiiinH Macluue for 
Stnunht Cut. 

the Krindiu" arm, can lie adjusted hy moans of a single screw; 
whilst at the same time tlie movement of the grinding arm 
and disc can ho adjusted indepeudetitly. This device, of 
couKse, enables the machine to lie adjusted very quickly tor 
saws with teeth of different pitcli; ij.iid again—also by means 
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of a single screw—the itijuileiie can lx* s(*t for hand¬ 

saws with wide Ux'th. 

{(1) Miirlunrs /o; (irnu/iiiif I'hd SH)f<ur-<. 

These miicliines are employc'd for plane snifaci^s 

perfectly ti-iie, the work table bein^ usually iii()\cd to and fro 



Fio. 118.—Grinding Head, with Ccntnil \Vjit<'r iM-ed, and Vertical Grindiog 
Suriiiet"^. 

automatically in a straij^ht line over a firin bed. Some of 
these precision machines will j^rind surfaces measuring up to 
10^ X 4j feet, the free space under tin; j^riudin^^ head heiri*' 
6 feet wide ajid about 40 iiich(5S lirtih. 

A new pattern of this ejassof machine is shown in Fic ‘18, 
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and is fitted with a head which has vertical grinding surfaces 
and cciitral walc.r feed. This head is mounted on a strong 
s))indlo of hiirdened, ground tool steel, and tlio [lowerfully 
driven grinding e.ylindin- attaclis the work hy its vortical 
surface, a strong flow of watei' lioing jrrovided. 

Owing to th(! raiml pressure to which those grinding heads 
are exposed in turning out work (|uickly and accurately, theii' 
consli'uction is not only iiccessai ily solid, but first-class material 
and careful workmanship are also reijuisite for the hearings, 
which are made of )di(is|dior-hron7.e and are adjnstalile. The 
weight of the sjiiiidle and head is taken up hy hall hearings 
whilst the working jiressiiie is ahsorhed h\ glass-hard, ground 
cast-steel )ni‘ssure rings 

These grmiling heads can lie mounted on existing machine.s 
The grinding cylinders ol the, two patterns now made, measure 
hi X dj, inches and 141 x .5 inches respectively, the speed 
hemg ildOO and IdtlD revolutions per nniuite and the driving 
)iowor 4 and h h.p. lespectively. 

Maehiiies have also heen made that are intended to he 
slung, foi the purpose of grinding off the fins on cast pipes, 
grinding and polisliing heaitli and press plates, anvils, safe 
plates, steel jdiite, etc. : as also grinding motors (h’lg. 39) for 
working small snriaces ol all kinds, removing inequalities and 
casting gates on macliine ]iai'ls. Tliese latter macliiues are 
))rovided with Hexihle slialls, and as the motor cau be con¬ 
nected up to any part of an electric lighting circuit, the 
macliine can he used in any situation. 

(r) Sjiecud Tfipia of (innilnuj Maclitiic. 

The nuurher of grinding machines for special purposes is 
naturally large in the extreme. F(j.i' example, we now have 
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automatic machines for livinchn^ out motor cylinders, thus 
saving the vtu'v trouhlHsome liihoui' hitlu'rto necosaarv in 
finishing these olT hv hand. Those macliiues enahio such 
cylinders to he turiuHl out porfocti) true ; and at the same 
time the pistons can Ik' made. ol accuiate dimetisions Irom tlie 
start because tlu* j)iecise nn'asm-emeuts of (lu; c\linders are 
^nown, the grinding machine turning them out tiue to within 
of an inch. 



Fio. !t0._ Nhxor Union Gi’iiiilniK ainl Motor with 

Flos.ihlo Shaft. 


There are also special machines for wagon wlitads, and chill- 
cast wheels ; roller grinding machines for chilled rollers, steel 
shafts, hardened journals, and also lot grinding convex and 
plane surfacjos on pulley rims. 

Other grinding machines iiiiahle dulled rollers ot the largest 
dimensions to l)n ground perlec.t!y c\lmdrioal, and with a 
handsome smooth surface, very quickly, whilst mounted in the 
mill housing. The grinding machine can he holUid on to the 
mill frame in a very simple manner, so tliat there is no need 
to take the rolls out or to use the expensive roll lathe*. A 
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rolling mill erjiiippccl with one of these grinding machines 
(Tig. 40), is, therefore, able to dispense with spare rolls, the 
time occupied in grinding being so short as to reduce the 
iuoonvenienee of stoiiping the mill l i a niiiiinuini. 



Other sjiecial machine's are made for grinding out rings and 
hushes; for trueing the heai ing siiifaces of plates, rings, and 
discs; for autoniaticallv iiolishing parts for circular stoves; 
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aiitomatically finishing tlie tocth of jjiiiions of aii\ 
and up to -JO indies in diametei'; for avuoniaiic.ally cultinu 
wire nail cutlei's with curved or straielit lilades ; for cutting 
through craiika and wire tiles, etc. 

h’inalh* mention should he made ol the imi(|ue automatic 
ijiachine, “Ciii,” of the Mavos rnion, lor gnndmg Iwist drills 
,as illustrated m Fig. 11. Tins mao.hiiu' will grind Iwisl anil 



11.—Till'“Cm” Vtltoiiiiitic Alai'liiiic i(n (inmlmi'J'wist Dnllh, 


pointed drills ti)) to 4 inches in diameter antoinalically and 
with the greatest iiecnract. Watei is fed to the work, and 
the drill is continuously rotated on its longitudinal a.xis, so 
tliat a perfectly centric cut is ohtaineil, and no lurther linish- 
ing is requiied. The drill jioinis are also ground without 
unchiickiiig the drills, the operation heing perforuuvd unilorinly 
so as to leave the jioint perfectly central. In this way it is 
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imjjosyiblf! foi’ tho drill io bore iioles Iiirj^or ihfui its own dia- 
moter. 

Tlai drills ground ill this rnaohiuo have tho proper oircular 
uiidereiit, and are of high working eapacily. The machine 
requires little attention, so that, even an miskille 1 ojierator can 
look aftf-T s(;V(‘ral at on(;('.. 

3. OlJtClTAll (lUTNDINO, 

The introdnetioM of the cireular ^n-indin*^ machine marked 
ail imjiorlaiit advanct^ iii tihe. developiin'iit of the ^liiidiiij^- 
machnie industry. It ma) ho iisserteil that no otlier modern 
nii'thod of workliiL^ has nia<le such rajtid and ^<-iu‘ral headway 
in machine constniction as this hriinch of ^rindin^. The 
introduction of the uiiiveival circular ^rindin^ machine ousted 
the old latlu' for all tinu' from its previous i)os!tiion asaiinish- 
iiif^ machine, and relegated it to tlie cate^torN’ of tou^hiiifif 
machines, since its work can now lie doin' more accurately, 
quickly, and in general more chea|)ly, Iiy the ^u’ludine macliine. 

The ^rindnij^ machine enalilcs the work to be linislicd to 
the exact size aial according to pattern ; and in the vei'tical 
models is specially adapted for accurately ^rindin*^ out cylin¬ 
drical or conical luishos, small motor evlinders, carriaLje-axle 
boxes, and capable of beinji successfully used wherever it is 
undesinilde to suspend the work horizontally, whether on 
account of an unfavourable dispo.sition of the load or of the 
inconvenience of an eccentric centre of gravity. 

The circular grinding machine illustrated in Fi^. 42 is cap¬ 
able of doni^.^ a j'reat variety of work; grinding cylindrical and 
conical parts, such as spindles, l).>lts, shafts, etc. and also of 
griudin" out^ bushes, bores, and rings. An adjustable steady is 
provided for slender work. 
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The automalie loni»it.n<linal travel of the tihle can he ad¬ 
justed, l)y stops, ill accordance with tlie lenelh of the work 
in liaiid, the reversiii" heiiif' autoniatie. The veiiieal ail- 



Fin. 42.—Naxos Union Automatic Circular GnmhiiK Mncliinr. 
justmentof the grinding spindle head can he efTected either hy 
hand or automatic niechanisin. Tins rale of the anjonialic Jeed 
cau be varied within wide limits and with t'le utmost nicety. 
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The. tal)le is dividefl for conioal grinding, the upper portion 
being adapted to rotate throngli a graduated scale. A centri¬ 
fugal puiii|) is provided for wot grinding. The table is dished 
to collect the water, and the guides foi- the spindle headstock 
and hack iKjppet ai’o outside, to protect them from ^^etting 
wet. 

The iiifiire shows the machine airaii'^ed for grinding-ouV 
hushes. Kor this work, as for iusiile grinding in general,'the 
sunplii shaft m the grin<ling-spiudl(5 headstock is replaced 
hy speediiig.-u|) mechiini'>ni, in ordoi to tlu? recjuisite in- 
ci'i-asc<l speed to tlu; giindtng s])indle Tins machiiio will 
grind woik lip to 1 I in(di(;s lo ig and (» tnehis in diaiiKjter. 

As witli i>lliei auloniiilte giinding in.i.ehmes. so also with 
circular grinder'', a nuinher ol ciiciniistances have to he cou- 
sideK'd that ineiease the didieultv of sclei'.Lion. These relate 
not old\ to the siihsianee, sliape, and othei jn'opei'ties ot tho 
giinding di-'Cs, luit also a nuniher of oiher ta,etors, such as 
feed, deptli ol (Uit, pelipheral \elocity of disc^ and work, etc. 
The e\})ernnents of l*iof. (1. Sehle-tingu' (recoifled in the 
" /eitscliritides Ven'ini's denlscher 1 iigiiineure, ’ 1907. p. 1227) 
showed how greatly the working capacity ol a grinding disc 
can he inlhiiMiced hy these factors. 

L(‘hert tid. 190S, No. :13) agreed with Schlesinger in ad¬ 
vocating an increa.s(‘d peiipheval velocity of tli(‘ grinding disc, 
the dill'erence m the working capacity at higli and low speeds 
l>eing rcinarkalilu. ft is true that, at present, the speed cannot 
be increased as much as could he desired ; but in practice the 
maximum av.iilahle speed should lie utilized to the full, no 
discs being used that will not stand being run at a velocity of 
82 ft. per'^•cond. !iel)ert’s exjierimeiits demonstrated that 
on increasing the velocity liy 80 per cent the output was 
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raised two and tliree-quartcr times, m tliUH>-((u;u'tei-s the time 
previously reijuived. 

4. Univkusau Tooii-(iKixi)iN(, M.w minks. 

The so-called miiversnl tool-oniuliiiLr macliiiu's also cniov 
a great ropiilatioM in praclice, ior while it is a lundanu'iilal 
[A'ineiple that grinding maelniK's should he constmckid solelv 
for s^iecial purposes, the eveeedine vi\iie,l\ of evisting tools 
has nocessitalod the introdnetion ol a machine which, whilst 
the rnnihimcntal principle is retained, can he lilted loi use lor 
a nuniher of s])ecial tasks, Iin the a|iplicalion of easiK leniov- 
ahlo attachments. 

In this way nniveisal tool-gi Hiding machines have heen 
Vionstructeil, which can he siip)itied lor aecni'iitelv sharpening 
tools, milling cutters, and hroac.lies of all kinds np to H niches 
in diameter and inches long, these nuichiiies hemn cipiipped 
with nunierotis aftachnients, incliidiiig the lollowiiig - 

(1) :\ templet carrier lor shaipeniiig Ihited, piolile milling 
cutters 

(d) A circular a)iparatus for sliariiening lliitcd, hollow, and 
ball milling cutters; with an attachment., moiintcd on the 
left-hand side of the machine, fur holding ciicnlai cold saws 
up to 2 ft. in diameter. 

(3) An attachment for inside and outside circular grinding, 

(4) A universal divided for large spiral tooth niilhng e.uUers 
and reamers. 

(5) An attachment for sharpening straight Idailes up to 2 ft. 
in length. 

Similar machines, of stronger build, can also be supplied, 
for grinding tools up to 16 inches in diamotor anij 32 inches 
long; and it will be evident from the toiegoing particulars 
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that such machines really deserve their name of “uni¬ 
versal”. 

These machines, nevertheless, cannot deal with spreading 
machine-parts that are nnsuited for toing rotated. Such 
parts, however, are froiprently met with, especially in loco¬ 
motive shops, e.g. in grinding-out bushes, trueing joumsls, 
or facing sliding surfaces on valve-gear parts. * 

In general such s])reading parts must be kept statiofiary, 
and, therefore, the grinding discs must be jirovided with a 
travelling motion as well as the rotary one. Oonseiiuently, 
such machines, must not oidy adjust the grinding disc, but 
must also impart an automatic travelling movement in any 
desired direction. The firm of Schmaltz, OlTenbach-on-Main, 
has attempted to overcome these diflienlties liy the provision* 
of a triple planet spindle, in accordance with the following 
princi])le: - 

An inner sjiindle, running at high speed (4000 revolutions) 
and operating the grinding disc, is mounted eccentrically in a 
second spindle, which in turn is eccentrically and rotatably 
mounted in a third spindle. Both the outer spindles are run 
at a common, low speed. In setting the outer spindles, as 
shown ill h'ig. 4.'i, the inner grinding spindle lies exactly in 
the centre of tlie whole. It, liowever, tlie outer spindles be 
turned in ojiiiosite directions—wliieli may be done while the 
machine is running—the inner grinding s])indle is displaced 
more and more from the centre, thus describing a planet motion 
whereby it is enabled to grind out hollow articles or grind 
down journals and bolts (Figs. 43b and 43c). 

Fig. 43a shows the arrangement of the machine for grind¬ 
ing plane surfaces. The work travels, the grinding spindle 
simply rotates, with a slight axial up and down motion. 



Fig. SKt'tcih of Tatont 'JViplc Tlnnot Swindle', Showin;' ArrRn^'t•ment 
and Method of W’oikin^'. 

Fig. 43c illustrates the grinding down of bolts. The work 
is fixed, the spindle moving with a plaiietai'y and axial motion. 

For various reasons it is also advisable to equi]) these ma¬ 
chines for vertical working as shown in Fig. 44, thus enabling 
the following oporutions lo be performed 
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(1) Aiitomilticiilly out hardened bushes, either loose 

oi ])tesseil iiilo spreading inachiiu'-])ai'ts ; and also out 

fi\<‘d hollow c\litidei‘H ot the kinds used in the construction of 



journals that ar(‘ enihi'ddt^d in sju’eading niachine-j)arts that 
cannot he rotated , also automatical!\ grinding the outsides of 
piston-valve I’in^s, and finishing slide-valve hushes on high- 
prossnre locomotivtis. (These task» are performed by anothei 
pattevji of the same niachint;.) A third pattern enables all 
these different classes of work to be (Jone. 
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0, WOUKING JiuSUIiTS OBTAINED IN PkACTICAL GbINDINO. 
Curtiuii intoi’fisting results obtained in grinding )iraotic(> by 
G. II. Norton, may be briefly snininariyied below, 

Tlie bard<*n6d steel sbaft re|iresented in Fig. IbA was not 
straight, and bad to be ground down (bOLo inch. This task 
wa^s oonijdoted in two and a hall hours including ttn^ bearings. 



iov—Iliirilonoil Stfi’l Sliafl. 



Fig. 45h.—CakI lion ]l.olli r. 



\ cast iron rollei (b'lg Ibn) measured O'l Id inch more on the 
ridges bsft by tin- lathe tool than the diameter required. It wan 
ground down to a jicrfeet eyinuba in twenty minutes, all the 
marks left by the lathe tool being removed. .M’ter this the dia¬ 
meter bad to be further reduced by 0-d70 inch, which was ac- 
comjilisbed in tw'O hours, the whole time consumed in grind¬ 
ing the roller to exactly 7 inches diameter, being Itvo hours 
and twenty minutes. 


7 
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Tho spindlo of oiif'lnn steel, shown in Fig. 4/)0, wus turned 
down roughly with a niitural-hard steel tool, leaving an avcragi! 
of i.'jlhs of an inch to he removed hy grinding. It should he 
pointcid out that this spindle was 7 inches in diameter. 
The total time occujiied in the grinding was two hours and 
twenty mnuite.s , and the spiiidle was found time to within 
0001 inch. 



Fid. 45!>.—Chill Cast Uollcv. 



U--—...rr. — - 


Fio. Steel IMstoii Ko<l. 

A chill-cast roller, 10 inches in diameter and 12 inches long 
(Fig. 45i)), that had become worn in use, was ground in five 
minutes; whilst a similar roller, 10 inches in diameter and 
24 inches long, though badly woru hy having been used for 
grinding emery, was timed in one and a half hours. 

Finally, a steel piston rial f Fig. 45 kJ, the cylindrical portion 
of which had been turned down with a roughing tool, advanc¬ 
ing Jths of an inch every G revolutions, was reduced ,,'.,nd of 
an inch in diameter in twenty minutes, and was found to be 
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true to within ji’offU* of an inuh in length (y foot), and to 
MiTnrfh of an inch in diameter. 

In conclusion anothaJ' instance may ho cited of the wide 
splierc of application already possessed hy the grinding disc, 
namely its extension to the stonooutting industry, in which 
the troublesome tasks of sha])ing with the (diisol and then 
liiiishing hy rubbing with sandstone, have now been re[)laced 
hy the use of special grinding luachinos, which perform the 
work untiringly, with greatei' speed and accuiacy. 




THK END 
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